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(54) BATTERY-ASSISTED BICYCLE

(57) A battery-assisted bicycle less prone to abrupt
change in assist force as the assist by the electric motor
is stopped while the battery-assisted bicycle moves by
the assist with no pedal effort. The battery-assisted bi-
cycle (1) includes an electric motor (61), a vehicle speed
calculator (152) that calculates a vehicle speed of the
battery-assisted bicycle (1), a first state determiner (150)
that determines whether a first state is attained, an op-
eration unit (190) capable of outputting a stop signal used
to give instruction to stop the electric motor (61), a timing

unit (157) that measures time from when a stop signal is
input, and a motor controller (105) that controls driving
of the electric motor (61) so that the vehicle speed at-
tained when the time elapsed from the point of input of
the stop signal reaches a prescribed first period is a first
vehicle speed and stops the electric motor (61) after the
first period, if the first state determiner (150) determines
that the battery-assisted bicycle (1) is in the first state
and the stop signal is input from the operation unit (190).
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Description

[0001] The present invention relates to a battery-as-
sisted bicycle that assists the user with the pedal effort
by driving force by an electric motor.

Description of the Background Art

[0002] There has been a known battery-assisted bicy-
cle that assists the user with the pedal effort by detecting
torque generated at a crankshaft rotating together with
the pedals and controlling an electric motor using the
detection result.
[0003] A battery-assisted bicycle provided with a driv-
ing unit including an electric motor and a battery weighs
more than a bicycle without a battery-assisting function
for its. When for example the user walks the battery-as-
sisted bicycle rather than riding the vehicle, the user may
find it troublesome to move the heavy vehicle. Therefore,
in some known battery-assisted bicycles, the electric mo-
tor is operated to assist the movement of the battery-
assisted bicycle when the user moves the vehicle with
no pedal effort.
[0004] A battery-assisted bicycle disclosed by JP
11-105777 A determines whether the user moves the
battery-assisted bicycle with no pedal effort when the
switch is turned on based on a pedal rotation speed and
a pedal load. If it is determined that the user moves the
battery-assisted bicycle without riding the vehicle, the
electric motor is activated to assist the movement of the
battery-assisted bicycle.
[0005] In the battery-assisted bicycle disclosed by JP
11-105777 A, the electric motor is operated to assist the
movement of the battery-assisted bicycle while the switch
is operated by the hand and kept on. The moment the
hand is detached from the switch and the switch is turned
off, the electric motor stops.
[0006] When the user walks the battery-assisted bicy-
cle without riding the battery-assisted bicycle, the user
may let go of the switch in some cases. The user may
move the hand apart from the switch to hold the handle
by both hands or let go of the switch inadvertently for
example by vibrations. When the user lets go of the
switch, the switch is turned off at the time, and the assist
force by the electric motor abruptly changes before the
user can hold the handle with both hands. As a result,
the user may not be able to easily support the battery-
assisted bicycle in some cases.
[0007] An object of the present invention is to provide
a battery-assisted bicycle less prone to abrupt change in
assist force as the assist by the electric motor is stopped
while the battery-assisted bicycle moves by the assist
with no pedal effort.
[0008] According to the present invention said object
is solved by a battery-assisted bicycle having the features
of at least one of the independent claims 1, 5, 9 and 13.
Preferred embodiments are laid down in the dependent
claims.

[0009] A battery-assisted bicycle according to an em-
bodiment is configured to assist by electric motor driving
force and includes the electric motor, a vehicle speed
calculator that calculates a vehicle speed of the battery-
assisted bicycle, a first state determiner that determines
that the battery-assisted bicycle is in a first state in which
the battery-assisted bicycle moves by the driving force
by the electric motor with no pedal effort, an operation
unit capable of outputting a stop signal (which is an ex-
ample of an operation signal: hereinafter also referred to
as the "operation signal") used to give instruction to stop
the electric motor, a timing unit that measures time from
when the stop signal is input, and a motor controller that
controls driving of the electric motor so that a vehicle
speed attained when elapsed time from the point of input
of the stop signal reaches a prescribed first period is a
first vehicle speed and stops the electric motor after the
first period, if the first state determiner determines that
the battery-assisted bicycle is in the first state and the
stop signal is input from the operation unit.
[0010] In the battery-assisted bicycle according the
embodiment, while the battery-assisted bicycle moves
by driving force by the electric motor with no pedal effort,
the operation unit is operated to give assist stop instruc-
tion and the control to stop the assist is performed. In the
control to stop the assist, the first period is secured as
time before the electric motor is stopped. Therefore, the
assist force is unlikely to change abruptly, and therefore
the user can stably support the battery-assisted bicycle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a right side view of a general structure of a
battery-assisted bicycle according to a first embod-
iment.
Fig. 2 is a view of a general structure of a driving unit
and a driven sprocket in the battery-assisted bicycle
according to the first embodiment.
Fig. 3 is a sectional view taken along line III-III in Fig.
2.
Fig. 4 is an enlarged plan view of a left brake lever
attached to a handle.
Fig. 5 is a schematic block diagram of paths for mo-
tive power transmission and signal transmission in
the battery-assisted bicycle according to the first em-
bodiment.
Fig. 6 is a block diagram of a general configuration
of an assist controller in the battery-assisted bicycle
according to the first embodiment.
Fig. 7 is a flowchart for illustrating assist control in
the battery-assisted bicycle according to the first em-
bodiment.
Fig. 8 is a graph showing changes in estimated ve-
hicle speed in the assist control in the battery-assist-
ed bicycle according to the first embodiment.
Fig. 9 is a block diagram of a general configuration
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of an assist controller in the battery-assisted bicycle
according to a second embodiment.
Fig. 10 is a flowchart for illustrating assist control in
the battery-assisted bicycle according to the second
embodiment.
Fig. 11 is a graph showing changes in estimated ve-
hicle speed in the assist control in the battery-assist-
ed bicycle according to the second embodiment.
Fig. 12 is a block diagram of a general configuration
of an assist controller in a battery-assisted bicycle
according to a third embodiment.
Fig. 13 is a flowchart for illustrating assist control in
the battery-assisted bicycle according to the third
embodiment.
Fig. 14 is a graph showing changes in driving force
in assist control in the battery-assisted bicycle ac-
cording to the third embodiment.
Fig. 15 is a block diagram of a general configuration
of an assist controller in a battery-assisted bicycle
according to a fourth embodiment.
Fig. 16 is a flowchart for illustrating assist control in
the battery-assisted bicycle according to the fourth
embodiment.
Fig. 17 is a graph showing changes in driving force
in the assist control in the battery-assisted bicycle
according to the fourth embodiment.
Fig. 18 is a block diagram of a general configuration
of an assist controller in a battery-assisted bicycle
according to a fifth embodiment.
Fig. 19 is a flowchart for illustrating assist control in
the battery-assisted bicycle according to the fifth em-
bodiment.
Fig. 20 is a graph showing changes in estimated ve-
hicle speed in assist control in the battery-assisted
bicycle according to the fifth embodiment.
Fig. 21 is a block diagram of a general configuration
of an assist controller in a battery-assisted bicycle
according to a sixth embodiment.
Fig. 22 is a flowchart for illustrating assist control in
the battery-assisted bicycle according to the sixth
embodiment.
Fig. 23 is a graph showing changes in estimated ve-
hicle speed in assist control in the battery-assisted
bicycle according to the sixth embodiment.
Fig. 24 is a block diagram of a general configuration
of an assist controller in a battery-assisted bicycle
according to a seventh embodiment.
Fig. 25 is a flowchart for illustrating assist control in
the battery-assisted bicycle according to the seventh
embodiment.
Fig. 26 is a graph showing changes in driving force
in assist control in the battery-assisted bicycle ac-
cording to the seventh embodiment.
Fig. 27 is a block diagram of a general configuration
of an assist controller in a battery-assisted bicycle
according to an eighth embodiment.
Fig. 28 is a flowchart for illustrating assist control in
the battery-assisted bicycle according to the eighth

embodiment.
Fig. 29 is a graph showing changes in driving force
in the assist control in the battery-assisted bicycle
according to the eighth embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0012] Now, preferred embodiments will be described
in conjunction with the accompanying drawings. It is not-
ed that the elements in the drawings are neither drawn
faithfully to their actual sizes nor to scale.
[0013] In the following description, forward, rearward,
leftward, or rightward refer to these directions as seen
by the rider holding a handle 23 and seated on a seat 24
of a battery-assisted bicycle 1.

First Embodiment

Overall Structure of Battery-assisted Bicycle

[0014] Fig. 1 is a right side view of a general structure
of the battery-assisted bicycle 1 according to a first em-
bodiment. Fig. 2 is a view of a general structure of a
driving unit 40 and a driven sprocket 45 in the battery-
assisted bicycle 1 according to the first embodiment.
[0015] As shown in Fig. 1, the battery-assisted bicycle
1 has a vehicle body frame 11. The vehicle body frame
11 extends in a front-back direction. The vehicle body
frame 11 has a head pipe 12, a down frame 13, a seat
frame 14, a pair of chain stays 16, and a pair of seat stays
17. The head pipe 12 is provided at a front part of the
battery-assisted bicycle 1. The head pipe 12 is connected
with a front end of the down frame 13. The down frame
13 extends in the front-back direction. The seat frame 14
is connected to a rear end of the down frame 13. The
seat frame 14 extends upward and obliquely backward
from the rear end of the down frame 13.
[0016] As shown in Fig. 2, a bracket 15 is attached to
the rear end of the down frame 13. The pair of chain stays
16 is connected to a rear end of the bracket 15. The pair
of chain stays 16 is provided to hold a rear wheel 22 from
the left and right. As shown in Fig. 1, the rear end of each
of the chain stays 16 is connected with one end of a seat
stay 17. The pair of seat stays 17 is provided to hold the
rear wheels 22 from the left and right. The other end of
each of the seat stays 17 is connected to an upper end
of the seat frame 14.
[0017] The head pipe 12 has a handle stem 25 rotat-
ably inserted therein. A handle 23 is secured to an upper
end of the handle stem 25. A front fork 26 is secured to
a lower end of the handle stem 25. A front wheel 21 is
rotatably supported by an axle 27 at a lower end of the
front fork 26. The axle 27 is provided with a front wheel
rotation detector 95 that detects a rotation speed of the
front wheel 21.
[0018] Grips 73 are attached to left and right ends of
the handle 23. A left brake lever 74 is attached to a left
part of the handle 23 and a right brake lever 75 is attached
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to a right part of the handle 23. The left brake lever 74 is
used to operate a brake (not shown) for the rear wheel
22. The right brake lever 75 is used to operate a brake
(not shown) for the front wheel 21. The left brake lever
74 is also used to operate an operation unit 190 (see Fig.
4) that will be described.
[0019] A seat pipe 28 is inserted in the cylindrical seat
frame 14. The seat 24 is provided at an upper end of the
seat pipe 28.
[0020] The rear wheel 22 is supported rotatably by an
axle 29 at the rear ends of the pair of chain stays 16. The
driven sprocket 45 is provided co-axially with the axle 29
at the right of the rear wheel 22. The driven sprocket 45
is coupled to the rear wheel 22 through a one-way clutch
92 (see Fig. 5). The driven sprocket 45 is provided with
a rear wheel rotation detector 96 that detects a rotation
speed of the rear wheel 22.
[0021] A chain cover 47 is attached to the vehicle body
frame 11. The chain cover 47 has a main cover 48 and
a sub cover 49. The main cover 48 extends in the front-
back direction. The main cover 48 covers a front right
part of the driving unit 40 and the chain 46. The sub cover
49 covers a rear right part of the driving unit 40.
[0022] A battery unit 35 is provided behind the seat
frame 14. The battery unit 35 supplies the electric motor
61 of the driving unit 40 with electric power. The battery
unit 35 has a battery and a battery controller (not shown).
The battery is a rechargeable battery. The battery con-
troller controls charging/discharging to/from the battery
and monitors for output current from the battery and its
remaining capacity.
[0023] Fig. 3 is a sectional view of the driving unit 40
taken along III-III in Fig. 2. As shown in Fig. 3, the driving
unit 40 has a main body part 51, a crankshaft 41, a driving
force generator 60, a chain tensioner 86, and a controller
100 (see Fig. 1).
[0024] The main body part 51 has first and second cas-
es 52 and 53. The first and second cases 52 and 53 are
integrated with each other as the left and right parts and
secured with each other by a plurality of metal fasteners
54. The main body part 51 is attached to the bracket 15
by a metal fastener 30.
[0025] The crankshaft 41 is provided through a front
part of the main body part 51 in a left-right direction. The
crankshaft 41 is supported rotatably to the main body
part 51 through a plurality of bearings.
[0026] Crank arms 31 and 32 are provided at the ends
of the crankshaft 41. Pedals 33 and 34 are attached to
tip ends of the crank arms 31 and 32, respectively. As
the user pushes the pedals 33 and 34 around, the crank-
shaft 41 rotates. A chain 46 is wound around a driving
sprocket 42 and runs between the driving sprocket and
the driven sprocket 45.
[0027] The crankshaft 41 is provided with a rotation
member 56, a one-way clutch 55, and the driving sprocket
42 coaxially with the crankshaft 41. The rotation member
56 is provided in a center of the crankshaft 41 in the left-
right direction. The rotation member 56 is substantially

cylindrical. A right end of the rotation member 56 is sup-
ported by the crankshaft 41 through a cylindrical slide
bearing 71. A left end of the rotation member 56 is con-
nected to the crankshaft 41. The left end of the rotation
member 56 and the crankshaft 41 are connected for ex-
ample in a spline arrangement. In this way, the rotation
member 56 rotates together with the crankshaft 41.
[0028] The one-way clutch 55 is provided at a right part
of the crankshaft 41. The one-way clutch 55 has an inner
member 55a and an outer member 55b.
[0029] The inner member 55a is provided at the right
of the rotation member 56. The inner member 55a is sub-
stantially cylindrical and rotatable relative to the crank-
shaft 41. The driving sprocket 42 is attached at an outer
circumferential surface of a right end of the inner member
55a.
[0030] The outer member 55b is provided to overlap a
right part of the rotation member 56 and a left part of the
inner member 55a. The outer member 55b is substan-
tially cylindrical. The outer member 55b and the rotation
member 56 are connected. The outer member 55b and
the rotation member 56 are connected for example in a
spline arrangement. In this way, the outer member 55b
and the rotation member 56 are rotated together.
[0031] The outer member 55b and the inner member
55a are connected to transmit rotation force only in a
forward rotation direction (clockwise as viewed from the
right side of the battery-assisted bicycle 1 as shown in
Fig. 1, which shall apply hereinafter) from the outer mem-
ber 55b to the inner member 55a. The outer member 55b
and the inner member 55a are connected for example in
a ratchet arrangement. Rotation force in a backward ro-
tation direction (anticlockwise as viewed from the right
side of the battery-assisted bicycle 1 as shown in Fig. 1,
which shall apply hereinafter) is not transmitted from the
outer member 55b to the inner member 55a.
[0032] The crankshaft 41, the driving sprocket 42, the
one-way clutch 55, and the rotation member 56 are ar-
ranged as described above. In this way, when the user
pushes the pedals 33 and 34 around and rotates the
crankshaft 41 in the forward rotation direction to advance
the battery-assisted bicycle 1, the user’s pedal effort is
transmitted from the crankshaft 41 to the rotation member
56 and the outer member 55b. The forward rotation of
the outer member 55b is transmitted to the inner member
55a. Therefore, the driving sprocket 42 attached to the
inner member 55a rotates in the forward rotation direc-
tion. On the other hand, when the user rotates the crank-
shaft 41 in the backward rotation direction, the ratchet
arrangement prevents the backward rotation from being
transmitted from the outer member 55b to the inner mem-
ber 55a. Therefore, the inner member 55a and the driving
sprocket 42 are not rotated in the backward rotation di-
rection.
[0033] The driving unit 40 is provided with a torque
detector 57 and a crank rotation detector 58. The torque
detector 57 detects torque generated at the crankshaft
41 by pedal effort. The torque detector 57 is for example
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a magnetostrictive torque sensor. When the torque de-
tector 57 is a magnetostrictive torque sensor, the torque
detector 57 has a coil provided opposed to an outer cir-
cumferential surface of the rotation member 56. The
torque detector 57 detects distortion of the rotation mem-
ber 56 as a change in voltage generated at the coil in
order to detect the torque generated at the crankshaft
41. The torque detector 57 outputs a signal according to
the detected torque to the controller 100.
[0034] The torque detector 57 may be any detector ca-
pable of detecting a pedal effort other than the magne-
tostrictive torque sensor. The torque detector 57 may de-
tect the torque at the crankshaft 41 from tension gener-
ated at the chain 46 instead of directly detecting the
torque at the crankshaft 41.
[0035] The crank rotation detector 58 detects the rota-
tion of the crankshaft 41. The crank rotation detector 58
according to the embodiment detects the rotation of the
crankshaft 41 based on the rotation of the outer member
55b of the one-way clutch 55. The crank rotation detector
58 has a magnet 58a and an encoder 58b. The magnet
58a is substantially cylindrical and provided on an outer
circumferential surface of the outer member 55b. The
encoder 58b is provided in a position opposed to an outer
circumferential surface of the magnet 58a. The encoder
58b is supported by a resin support member 58c. As the
outer member 55b rotates, a magnetic field by the magnet
58a changes, and the encoder 58b detects the change
in the magnetic field. The crank rotation detector 58 out-
puts the change in the magnetic field as a pulse signal
to the controller 100.
[0036] The driving force generator 60 is provided in a
center of the main body part 51 in the front-back direction.
The driving force generator 60 has the electric motor 61,
an output shaft 81, and a gear 82.
[0037] The electric motor 61 generates assist driving
force used to assist traveling of the battery-assisted bi-
cycle 1 by a pedal effort in response to a control signal
output from the controller 100. The electric motor 61 gen-
erates assist driving force used to assist the movement
of the battery-assisted bicycle 1 with no pedal effort in
response to a control signal output from the controller
100.
[0038] The electric motor 61 has a stator 62, a rotor
63, and a rotation shaft 64. The stator 62 is secured to
the second case 53 of the main body part 51. The second
case 53 is attached with a motor cover 65 that covers a
left side part of the electric motor 61. The rotation shaft
64 is supported rotatably at the second case 53 and the
motor cover 65 through rolling bearings 66 and 67. The
rotor 63 is secured to the rotation shaft 64. A gear groove
64a is formed from a right end to a center at an outer
circumference of the rotation shaft 64.
[0039] The electric motor 61 is provided with a motor
rotation detector 68 (see Fig. 5). The motor rotation de-
tector 68 detects the rotation of the rotor 63. The motor
rotation detector 68 has an encoder used to detect the
rotation of the rotor 63. The motor rotation detector 68

outputs a signal according to the detected rotation of the
rotor 63 to the controller 100.
[0040] The output shaft 81 is provided behind the ro-
tation shaft 64. The output shaft 81 is supported rotatably
by a rolling bearing 83 provided at the first case 52 of the
main body part 51 and a rolling bearing 84 provided at
the second case 53 of the main body part 51.
[0041] The gear 82 is attached to the output shaft 81
through a one-way clutch 85. The gear 82 is provided
coaxially with the output shaft 81 between the rolling
bearings 83 and 84. The gear 82 engages with the gear
groove 64a formed at the rotation shaft 64 of the electric
motor 61. The gear groove 64a formed at the rotation
shaft 64 and the gear 82 form a speed reducer 80. Ac-
cording to the embodiment, when the electric motor 61
is activated, the rotation shaft 64 rotates in the forward
rotation direction. Therefore, the gear 82 rotates in the
backward rotation direction by the forward rotation of the
rotation shaft 64.
[0042] The one-way clutch 85 is configured to transmit
only backward rotation generated at the gear 82 or the
output shaft 81. Therefore, when the electric motor 61 is
activated to rotate the gear 82 backward, the rotation is
transmitted to the output shaft 81 and the output shaft 81
is rotated in the backward rotation direction. On the other
hand, when the output shaft 81 rotates forward, the for-
ward rotation is not transmitted to the gear 82.
[0043] An auxiliary sprocket 43 is provided at a right
end of the output shaft 81. The auxiliary sprocket 43 and
the output shaft 81 are connected for example in a spline
arrangement. In this way, when the electric motor 61 is
activated, the rotation of the rotation shaft 64 of the elec-
tric motor 61 is transmitted to the auxiliary sprocket 43
through the gear 82, the on-way clutch 85, and the output
shaft 81. More specifically, assist driving force generated
at the driving force generator 60 is transmitted from the
output shaft 81 to the auxiliary sprocket 43, so that the
auxiliary sprocket 43 is rotated in the backward rotation
direction.
[0044] The chain tensioner 86 is provided at a rear part
of the main body part 51. A tension sprocket 90 is at-
tached to the chain tensioner 86 in a rotatable manner
by a support bolt 89. As shown in Fig. 2, the chain ten-
sioner 86 has one end connected rotatably to the first
case 52 by a support bolt 88. The other end of the chain
tensioner 86 is connected to the first case 52 through a
tensile spring 87. The tension sprocket 90 has a chain
46 wound thereon so that the tension sprocket 90 is
pushed backward. The chain tensioner 86 provides the
chain 46 with appropriate tension by the elastic force of
the tensile spring 87.
[0045] As shown in Fig. 2, in the battery-assisted bicy-
cle 1 according to the embodiment, the driving sprocket
42 and the auxiliary sprocket 43 transmit driving force to
the rear wheel 22 through the chain 46. More specifically,
a pedal effort generated as the user pushes the pedals
33 and 34 rotates the driving sprocket 42 in the forward
rotation direction and is transmitted as driving force to
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rotate the rear wheel 22 in the forward rotation direction
through the chain 46. The rotation force generated by
operation of the electric motor 61 rotates the auxiliary
sprocket 43 in the backward rotation direction and is
transmitted to the rear wheel 22 through the chain 46 as
assist driving force to rotate the rear wheel 22 in the for-
ward rotation direction. In this way, the pedal effort gen-
erated as the user pushes the pedals 33 and 34 is as-
sisted by the driving force output from the electric motor
61.
[0046] The battery-assisted bicycle 1 activates the
electric motor 61 under a prescribed condition when for
example the user walks the battery-assisted bicycle 1
without riding the battery-assisted bicycle 1. The rotation
force of the electric motor 61 is transmitted as assist driv-
ing force to rotate the rear wheel 22 forward through the
chain 46 and assists the movement of the battery-assist-
ed bicycle 1.
[0047] Note that the rotation of the chain 46 is trans-
mitted to the rear wheel 22 through the driven sprocket
45, a transmission mechanism 91, and the one-way
clutch 92 as shown in Fig. 5. The transmission mecha-
nism 91 is operated by a transmission operator 93. The
transmission operator 93 is provided for example at the
handle 23.
[0048] The controller 100 controls the assist in the bat-
tery-assisted bicycle 1 by controlling the output of the
electric motor 61. The controller 100 controls the output
of the electric motor 61 according to the user’s pedal
effort. The controller 100 controls the output of the electric
motor 61 under a prescribed condition when there is no
pedal effort by the user. The controller 100 can be pro-
vided for example near the electric motor 61 but the con-
troller may be provided somewhere else.
[0049] Fig. 4 is an enlarged plan view of the left brake
lever 74 attached to the handle 23. As shown in Fig. 4,
the left brake lever 74 is attached at a left part of the
handle 23 through a bracket 76. The left brake lever 74
is supported by a shaft 77 relative to the bracket 76.
Therefore, the left brake lever 74 can move to position
A1, A2 or A3 around the shaft 77. If the user operates
the left brake lever 74 by the hand and moves the lever
to position A2 or A3, the brake lever returns to position
A1 by an elastic member that is not shown once the user
lets go of the lever. A brake wire 78 is coupled to the left
brake lever 74. When the left brake lever 74 is in position
A1, the brake for the rear wheel 22 is not applied. When
the left brake lever 74 is in position A2, the brake for the
rear wheel 22 is applied through the brake wire 78. When
the left brake lever 74 is in position A3, control to stop
the assist is performed.
[0050] The operation unit 190 is provided at the right
of the shaft 77 in the bracket 76. The operation unit 190
is for example a limit switch. When the left brake lever
74 is in position A1 or A2, a right end 74A of the left brake
lever 74 is not in contact with the operation unit 190.
When the left brake lever 74 is in position A3, the right
end 74A of the left brake lever 74 is in contact with the

operation unit 190. When the right end 74A of the left
brake lever 74 contacts the operation unit 190, the oper-
ation unit outputs a stop signal that gives instruction to
stop the electric motor 61 to the controller 100.

Assist Control

[0051] Fig. 5 is a block diagram showing signal ex-
change and motive power transmission when assist by
the electric motor 61 is carried out in the battery-assisted
bicycle 1. In Fig. 5, the signal exchange is indicated by
the broken line arrow and the motive power transmission
is indicated by the solid line arrow in the process of con-
trol. In Fig. 5, the same reference characters as those in
Figs. 1 to 4 have the same structures in the battery-as-
sisted bicycle 1.
[0052] In the following, assist while the user walks the
battery-assisted bicycle 1 without riding the battery-as-
sisted bicycle 1, in other words, assist while the battery-
assisted bicycle 1 moves with no pedal effort will be de-
scribed. Hereinafter, control of the assist while the bat-
tery-assisted bicycle 1 moves with no pedal effort will be
referred to as "assist control" in some cases. The "assist
control" also includes the control to stop the assist while
the battery-assisted bicycle 1 moves with no pedal effort.
Note that output control for the electric motor 61 while
the battery-assisted bicycle 1 travels by a pedal effort will
not be described.
[0053] As shown in Fig. 5, the controller 100 includes
a pedal effort detector 101, a transmission stage detector
107, a memory 108, an assist controller 104A, and a mo-
tor controller 105.
[0054] The pedal effort detector 101 obtains a pedal
effort made by the user based on torque at the crankshaft
41 detected by the torque detector 57.
[0055] The transmission stage detector 107 detects
the present transmission stage based on the rotation
speed of the electric motor 61 detected by the motor ro-
tation detector 68 and the rotation speed of the rear wheel
22 detected by the rear wheel rotation detector 96.
[0056] The memory 108 stores various programs car-
ried out by the assist controller 104A and data.
[0057] The assist controller 104A calculates driving
force by the electric motor 61 requested in carrying out
the assist control while the battery-assisted bicycle
moves with no pedal effort.
[0058] The motor controller 105 controls driving of the
electric motor 61 so that the electric motor 61 outputs the
necessary driving force calculated by the assist controller
104A. The motor controller 105 controls driving of the
electric motor 61 in response to the rotation speed of the
electric motor 61 detected by the motor rotation detector
68.
[0059] Fig. 6 is a diagram of a general configuration of
the assist controller 104A in the battery-assisted bicycle
according to the first embodiment. As shown in Fig. 6,
the assist controller 104A includes an assist force arith-
metic unit 140, a first state determiner 150, a torque de-
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terminer 151, a vehicle speed calculator 152, a vehicle
speed determiner 153, a motor rotation determiner 154,
a vehicle speed setter 155, a timing unit 157, a time de-
terminer 158, a time setter 159, and an operation signal
determiner 160.
[0060] The first state determiner 150 determines
whether the vehicle traveling state of the battery-assisted
bicycle 1 is a first state. In the first state, the battery-
assisted bicycle 1 moves by driving force by the electric
motor 61 with no pedal effort. For example, the user walks
the battery-assisted bicycle 1 without riding the battery-
assisted bicycle 1 and the electric motor 61 assists the
movement in the first state.
[0061] The torque determiner 151 determines whether
the torque detected by the torque detector 57 is equal to
or less than a prescribed value. The prescribed value is
set to a small value based on which it can be determined
that the user does not push the pedals 33 and 34.
[0062] The vehicle speed calculator 152 calculates a
vehicle speed of the battery-assisted bicycle 1 from the
rotation speed of the front wheel 21 detected by the front
wheel rotation detector 95. The vehicle speed calculator
152 calculates the vehicle speed of the battery-assisted
bicycle 1 based on the rotation speed of the electric motor
61 detected by the motor rotation detector 68, the present
transmission stage detected by the transmission stage
detector 107, the outer diameter of the rear wheel 22 as
a driving wheel, and the like. Hereinafter, an actual ve-
hicle speed of the battery-assisted bicycle 1 calculated
based on a detection result from the front wheel rotation
detector 95 will be referred to as a "real vehicle speed."
A vehicle speed of the battery-assisted bicycle 1 calcu-
lated based on the rotation speed of the electric motor
61 and the like will be referred to as an "estimated vehicle
speed." The real vehicle speed and the estimated vehicle
speed match in some cases and do not in other cases
depending on the environment in which the battery-as-
sisted bicycle 1 is used (such as the inclination of a down-
ward slope) or the condition such as the user’s power to
propel the battery-assisted bicycle 1. They do not match
for example when the speed of the battery-assisted bi-
cycle 1 walked by the user is high and the real speed is
higher than the estimated speed.
[0063] The vehicle speed determiner 153 determines
whether the real vehicle speed calculated by the vehicle
speed calculator 152 is equal to or less than a prescribed
value. The prescribed value is set to a vehicle speed
lower than normal vehicle speeds when the battery-as-
sisted bicycle 1 travels by a pedal effort and is set as a
vehicle speed attained when the user walks the battery-
assisted bicycle 1 without riding the battery-assisted bi-
cycle 1. For example, the prescribed value can be set to
5 km/h. Note that the vehicle speed determiner 153 may
determine whether the estimated vehicle speed calculat-
ed by the vehicle speed calculator 152 is more than zero
and equal to or less than the prescribed value.
[0064] The motor rotation determiner 154 determines
whether the rotation speed of the electric motor 61 de-

tected by the motor rotation detector 68 is equal to or
higher than a prescribed value. More specifically, the mo-
tor rotation determiner 154 determines whether the elec-
tric motor 61 rotates and the assist control is carried out.
[0065] If the first state determiner 150 determines that
the battery-assisted bicycle 1 is in the first state and a
stop signal is input from the operation unit 190, the vehicle
speed setter 155 sets an estimated vehicle speed of the
battery-assisted bicycle 1 at the point corresponding to
the input of the stop signal as a second vehicle speed.
A first vehicle speed, which is an estimated vehicle speed
equal to or lower than the second vehicle speed, is set
as a target vehicle speed to be achieved when the
elapsed time from the point of input of the stop signal
reaches a prescribed first period. The vehicle speed set-
ter 155 thus sets the first vehicle speed equal to or less
than the second vehicle speed in order to maintain or
reduce assist force by the battery-assisted bicycle 1 in
the assist control.
[0066] The assist force arithmetic unit 140 produces
driving force by the electric motor 61 using the various
programs and data stored in the memory 108. More spe-
cifically, the driving force by the electric motor 61 is cal-
culated using feedback control so that the estimated ve-
hicle speed calculated by the vehicle speed calculator
152 is equal to the estimated vehicle speed set by the
vehicle speed setter 155.
[0067] If the first state determiner 150 determines that
the battery-assisted bicycle 1 is in the first state and the
stop signal is input from the operation unit 190, the timing
unit 157 measures time from the point of input of the stop
signal.
[0068] If the stop signal is input from the operation unit
190, the time determiner 158 determines whether the
elapsed time from the point of input of the stop signal has
reached the first period.
[0069] The time setter 159 sets the length of time from
the point of input of the stop signal from the operation
unit 190 until the electric motor 61 is stopped as the first
period. The length of time from the point of input of the
stop signal to the stopping of the electric motor 61 may
be set to a different length of time from the first period
depending on the environment in which the battery-as-
sisted bicycle 1 is used.
[0070] The operation signal determiner 160 deter-
mines whether the stop signal is input from the operation
unit 190.

Assist Control Flow

[0071] Fig. 7 is a flowchart for illustrating the assist
control in the battery-assisted bicycle 1 according to the
first embodiment. The assist control carried out to assist
the movement of the battery-assisted bicycle 1 while the
battery-assisted bicycle 1 is moved with no pedal effort
will be described by referring to the flow in Fig. 7.
[0072] As the assist control flow as shown in Fig. 7
starts (START), the torque determiner 151 determines
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in step SA1 whether torque detected by the torque de-
tector 57 is equal to or less than the prescribed value.
[0073] If the torque determiner 151 determines that the
torque is equal to or less than the prescribed value (YES),
the control proceeds to step SA2.
[0074] If it is determined in step SA1 that the torque is
more than the prescribed value (NO), the control pro-
ceeds to step SA12, and it is determined that the battery-
assisted bicycle 1 is not in the first state (in which case
the battery-assisted bicycle 1 travels for example by pe-
daling; hereinafter the state will be referred to as the "sec-
ond state"), and the flow ends (END).
[0075] In step SA2, the vehicle speed determiner 153
determines whether a real vehicle speed calculated by
the vehicle speed calculator 152 is equal to or less than
the prescribed value (5 km/h, for example). The real ve-
hicle speed is calculated based on the rotation speed of
the front wheel 21 detected by the front wheel rotation
detector 95.
[0076] If it is determined in step SA2 that the real ve-
hicle speed is equal to or less than the prescribed value
(YES), the control proceeds to step SA3.
[0077] On the other hand, if it is determined in step
SA2 that the real vehicle speed is more than the pre-
scribed value (NO), the control proceeds to step SA12,
and it is determined that the battery-assisted bicycle 1 is
in the second state and not in the first state (such as
when the user rides the battery-assisted bicycle 1 and
travels without pedaling), and the flow ends (END).
[0078] In step SA3, the motor rotation determiner 154
determines whether the motor rotation detected by the
motor rotation detector 68 is equal to or more than the
prescribed value.
[0079] If it is determined in step SA3 that the motor
rotation is equal to or more than the prescribed value
(YES), the control proceeds to step SA4 and the first
state determiner 150 determines that the battery-assist-
ed bicycle 1 is in the first state.
[0080] If it is determined in step SA3 that the motor
rotation is less than the prescribed value (NO), the control
proceeds to step SA12, and it is determined that the bat-
tery-assisted bicycle 1 is in the second state (such as
when the assist by the electric motor 61 stops) and not
in the first state, and the flow ends (END).
[0081] After it is determined in step SA4 that the bat-
tery-assisted bicycle 1 is in the first state, the operation
signal determiner 160 determines in step SA5 whether
the stop signal used to give instruction to stop the electric
motor 61 is input from the operation unit 190.
[0082] If it is determined in step SA5 that the stop signal
is input from the operation unit 190 (YES), the control
proceeds to step SA6.
[0083] On the other hand, if it is determined in step
SA5 that the stop signal is not input from the operation
unit 190 (NO), the control returns to step SA1 and
resumes determining whether the vehicle state of the bat-
tery-assisted bicycle 1 is the first state.
[0084] In step SA6, the timing unit 157 starts measur-

ing time from the point of input of the stop signal.
[0085] In step SA7, the vehicle speed setter 155 sets
an estimated vehicle speed at the point corresponding
to the input of the stop signal as a second vehicle speed.
[0086] In step SA8, the vehicle speed setter 155 sets
a first vehicle speed equal to or lower than the second
vehicle speed as a target vehicle speed. The first vehicle
speed is set lower than the second vehicle speed accord-
ing to the embodiment.
[0087] In step SA9, the assist force arithmetic unit 140
produces driving force by the electric motor 61 so that
the estimated vehicle speed of the battery-assisted bicy-
cle 1 changes from the second vehicle speed to the first
vehicle speed.
[0088] More specifically, the assist force arithmetic unit
140 produces the driving force by the electric motor 61
using feedback control so that the estimated vehicle
speed calculated by the vehicle speed calculator 152
changes from the second vehicle speed to the first vehicle
speed when the elapsed time from the point of input of
the stop signal reaches the prescribed first period. The
motor controller 105 controls driving of the electric motor
61 so that the electric motor 61 outputs the driving force
produced by the assist force arithmetic unit 140.
[0089] In step SA10, the time determiner 158 deter-
mines whether the elapsed time from the point of input
of the stop signal has reached the prescribed first period.
[0090] If the time determiner 158 determines in step
SA10 that the elapsed time from the input of the stop
signal has reached the prescribed first period (YES), the
motor controller 105 stops the electric motor 61 in step
SA11 according to the driving force produced by the as-
sist force arithmetic unit 140.
[0091] On the other hand, if the time determiner 158
determines that the elapsed time from the point of input
of the stop signal has not reached the first period (NO),
the control returns to step SA9 and continues to control
driving of the electric motor 61.
[0092] The electric motor 61 is stopped in step SA11
and this ends the assist control (END).
[0093] Fig. 8 is a graph showing changes in the esti-
mated vehicle speed in the assist control in the battery-
assisted bicycle 1 according to the first embodiment. The
abscissa represents time t and the ordinate represents
estimated vehicle speed V. Assume that at time t1, the
first state determiner 150 determines that battery-assist-
ed bicycle 1 is in the first state and the stop signal is input
from the operation unit 190. An estimated vehicle speed
at time t1 corresponding to the point of input of the stop
signal is set as a second vehicle speed V2. In the assist
control according to the embodiment, driving of the elec-
tric motor 61 is controlled so that when the elapsed time
from time t1 corresponding to the point of input of the
signal reaches a prescribed first period T1, the estimated
vehicle speed of the battery-assisted bicycle 1 changes
from the second vehicle speed V2 to a first vehicle speed
V1. An estimated acceleration that represents a change
rate in the estimate vehicle speed of the battery-assisted
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bicycle is set to a constant negative value. The electric
motor 61 is stopped at time t2 when the elapsed time
from time t1 corresponding to the point of input of the
stop signal reaches the prescribed first period T1.

Advantages of First Embodiment

[0094] In the assist control in the battery-assisted bi-
cycle 1 according to the embodiment, the operation unit
190 is operated to give assist stop instruction and the
control to stop the assist is carried out accordingly while
the battery-assisted bicycle 1 moves by driving force by
the electric motor 61 with no pedal effort. In the assist
control according to the embodiment, the first period T1
is secured as time before the electric motor 61 stops.
Therefore, the assist force is unlikely to change abruptly
and the user can stably support the battery-assisted bi-
cycle 1.
[0095] In the assist control in the battery-assisted bi-
cycle 1 according to the embodiment, the estimated ve-
hicle speed of the battery-assisted bicycle 1 decreases
from the second vehicle speed V2 to the first vehicle
speed V1 until the prescribed first period T1 elapses from
the input of the operation signal. Therefore, the assist
force is unlikely to change abruptly and the user can sta-
bly support the battery-assisted bicycle 1.
[0096] According to the embodiment, when the oper-
ation unit 190 is operated to give assist stop instruction,
the assist control to change the estimated vehicle speed
is performed instead of simply delaying stopping of the
electric motor 61. Therefore, various changes in the en-
vironment in which the battery-assisted bicycle 1 is used
such as different degrees of inclination of slopes can be
coped with.
[0097] According to the embodiment, the length of the
period until the electric motor 61 is stopped by the assist
control can be set by the time setter 159. Therefore, the
length of the period for carrying out the assist control can
be changed depending on the environment in which the
vehicle is used.
[0098] The first state determiner 150 determines
whether the first state is attained based on detection re-
sults from the torque detector 57 and the motor rotation
detector 68 and a vehicle speed calculated by the vehicle
speed calculator 152. The first state determiner 150 de-
termines that the first state is attained when the pedal
effort is equal to or less than a prescribed value, the ro-
tation of the electric motor 61 is equal to or more than a
prescribed value, and the real vehicle speed is equal to
or less than a prescribed value. Therefore, the assist con-
trol can be carried out while the battery-assisted bicycle
1 is moved with no pedal effort.

Second Embodiment

[0099] Fig. 9 is a block diagram of a general configu-
ration of an assist controller 104B in a battery-assisted
bicycle 1 according to a second embodiment. Fig. 10 is

a flowchart for illustrating assist control in the battery-
assisted bicycle 1 according to the second embodiment.
The assist control flow according to the second embod-
iment is different from the assist control flow according
to the first embodiment in that until the elapsed time from
the point of input of an operation signal reaches a first
period, a real acceleration detected by an acceleration
detector 161 and a first threshold as a threshold for real
positive accelerations are compared by an acceleration
comparator 163. In the following description, the same
elements as those according to the first embodiment will
be designated by the same reference characters and will
not be described while only different elements from the
first embodiment will be described.
[0100] Steps SB1 to SB8 and SB16 in the assist control
flow in Fig. 10 are the same as steps SA1 to SA8 and
SA12 in the assist control flow in Fig. 7 according to the
first embodiment. Therefore, SB1 to SB8 and SB16 will
not be described in detail.
[0101] As shown in Fig. 9, an assist controller 104B
includes an assist force arithmetic unit 140, a first state
determiner 150, a torque determiner 151, a vehicle speed
calculator 152, a vehicle speed determiner 153, a motor
rotation determiner 154, a vehicle speed setter 155, an
acceleration setter 156, a timing unit 157, a time deter-
miner 158, a time setter 159, an operation signal deter-
miner 160, the acceleration detector 161, an acceleration
threshold setter 162, and the acceleration comparator
163.
[0102] The acceleration setter 156 sets an estimated
acceleration as a change rate in the estimated vehicle
speed of the battery-assisted bicycle 1 to a prescribed
value. The estimated acceleration set by the acceleration
setter 156 is a prescribed negative value or zero. The
estimated acceleration is set to a prescribed negative
value or zero so that the estimated vehicle speed of the
battery-assisted bicycle 1 can be prevented from increas-
ing in the assist control.
[0103] The acceleration detector 161 detects a real ac-
celeration as a change rate in the real vehicle speed of
the battery-assisted bicycle 1. More specifically, the real
acceleration of the battery-assisted bicycle 1 is detected
based on change in the real vehicle speed of the battery-
assisted bicycle 1 calculated by the vehicle speed calcu-
lator 152.
[0104] The acceleration threshold setter 162 sets a first
threshold as a threshold for real positive accelerations.
The first threshold is a real acceleration value of the bat-
tery-assisted bicycle 1 for example when the battery-as-
sisted bicycle 1 approaches a downward slope while the
assist control is performed.
[0105] The acceleration comparator 163 compares the
real acceleration detected by the acceleration detector
161 and the first threshold as the threshold for real pos-
itive accelerations until the elapsed time from the point
of input of the operation signal reaches the first period.
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Assist Control Flow

[0106] Now, the assist control carried out in the battery-
assisted bicycle 1 having the above-described structure
to assist the movement of the battery-assisted bicycle 1
will be described by referring to the flow in Fig. 10.
[0107] As the assist control flow as shown in Fig. 10
starts (START), steps SB1 to SB8 are performed. In step
SB9, the acceleration setter 156 sets first and second
accelerations as change rates in the estimated vehicle
speed of the battery-assisted bicycle 1. The first accel-
eration is an estimated acceleration when the estimated
vehicle speed of the battery-assisted bicycle changes
from a second vehicle speed to a first vehicle speed. The
second acceleration is less than the first acceleration.
[0108] In step SB10, the assist force arithmetic unit
140 produces driving force by the electric motor 61 so
that the estimated vehicle speed of the battery-assisted
bicycle 1 changes from the second vehicle speed to the
first vehicle speed when the elapsed time from the point
of input of a stop signal reaches a prescribed first period.
[0109] More specifically, the assist force arithmetic unit
140 produces the driving force by the electric motor 61
using feedback control so that the estimated vehicle
speed calculated by the vehicle speed calculator 152
changes from the second vehicle speed to the first vehicle
speed with the first acceleration when the elapsed time
from the point of input of the stop signal reaches the pre-
scribed first period. The motor controller 105 controls
driving of the electric motor 61 so that the electric motor
61 outputs the driving force produced by the assist force
arithmetic unit 140.
[0110] In step SB11, the acceleration comparator 163
compares the real acceleration detected by the acceler-
ation detector 161 and the first threshold as the threshold
for real positive accelerations until the elapsed time from
the point of input of the operation signal reaches the first
period.
[0111] If it is determined in step SB11 that the real ac-
celeration detected by the acceleration detector 161 is
equal to or less than the first threshold (YES), the control
proceeds to step SB12. In step SB12, the assist force
arithmetic unit 140 produces driving force by the electric
motor 61 so that the estimated speed continues to
change with the first acceleration. The motor controller
105 controls driving of the electric motor 61 so that the
electric motor 61 outputs the driving force produced by
the assist force arithmetic unit 140.
[0112] The time determiner 158 determines in step
SB13 whether the elapsed time from the point of input of
the stop signal has reached the prescribed first period.
[0113] If the time determiner 158 determines in step
SB13 that the elapsed time from the point of input of the
stop signal has reached the prescribed first period (YES),
the motor controller 105 stops the electric motor 61 in
step SB15 according to the driving force produced by the
assist force arithmetic unit 140. On the other hand, if the
time determiner 158 determines that the elapsed time

from the point of input of the stop signal has not reached
the prescribed first period (NO), the control returns to
step SB11.
[0114] On the other hand, if the control proceeds from
step SB10 to step SB11 and the real acceleration detect-
ed by the acceleration detector 161 is more than the first
threshold (NO), the control proceeds to step SB14. In
step SB14, the assist force arithmetic unit 140 calculates
driving force by the electric motor 61 using feedback con-
trol until the estimated vehicle speed calculated by the
vehicle speed calculator 152 changes with the second
acceleration and reaches zero. The motor controller 105
controls driving of the electric motor 61 so that the electric
motor 61 outputs the driving force produced by the assist
force arithmetic unit 140.
[0115] The electric motor 61 is stopped in step SB15
and this ends the assist control (END). More specifically,
if it is determined in step SB11 that the real acceleration
detected by the acceleration detector 161 is more than
the first threshold (NO), the electric motor 61 stops before
the elapsed time from the point of input of the stop signal
reaches the first period.
[0116] Fig. 11 is a graph showing changes in the esti-
mated vehicle speed in the assist control in the battery-
assisted bicycle according to the second embodiment.
The abscissa represents time t and the ordinate repre-
sents estimated vehicle speed V. Assume that at time t1,
the first state determiner 150 determines that the battery-
assisted bicycle 1 is in the first state and the stop signal
is input from the operation unit 190. The estimated vehicle
speed at time t1 corresponding to the point of input of
the stop signal is set as a second vehicle speed V2. In
the assist control according to the embodiment, driving
of the electric motor 61 is controlled so that the estimated
vehicle speed of the battery-assisted bicycle 1 changes
from the second vehicle speed V2 to a first vehicle speed
V1 when the elapsed time from time t1 corresponding to
the point of input of the stop signal reaches a prescribed
first period T1. The estimated acceleration of the battery-
assisted bicycle 1 is set to the first acceleration. Assume
that it is determined that the real acceleration of the bat-
tery-assisted bicycle 1 is more than the first threshold at
time t3, the estimated acceleration of the battery-assisted
bicycle 1 is changed to the second acceleration that is
less than the first acceleration. According to the embod-
iment, the estimated speed V of the battery-assisted bi-
cycle 1 changes with the second acceleration until the
estimated speed V reaches zero. At time t4, the estimated
speed V reaches zero and the electric motor 61 stops.
More specifically, the assist control ends at time t4 before
the elapsed time from time t1 corresponding to the point
of input of the stop signal reaches the first period T1.

Advantages of Second Embodiment

[0117] In the battery-assisted bicycle 1 according to
the embodiment, when the battery-assisted bicycle 1 ac-
celerates and it is determined that the real acceleration
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is more than the first threshold, driving of the electric mo-
tor 61 is controlled so that the assist force is reduced.
The battery-assisted bicycle 1 accelerates and the real
acceleration exceeds the first threshold for example
when the vehicle approaches a downward slope. If for
example the battery-assisted bicycle 1 approaches a
downward slope and its real acceleration increases, the
assist force is reduced. In this way, the user can stably
support the battery-assisted bicycle 1.
[0118] According to the embodiment, if the real accel-
eration detected by the acceleration detector 161 is more
than the first threshold, the electric motor 61 is stopped
before the elapsed time from the point of input of the
operation signal reaches the first period T1. If the real
acceleration detected by the acceleration detector 161
is high, the assist force is reduced in a short time, so that
the real acceleration of the battery-assisted bicycle can
be prevented from increasing. Therefore, the user can
stably support the battery-assisted bicycle 1.

Third Embodiment

[0119] Fig. 12 is a block diagram of a general config-
uration of an assist controller 104C in a battery-assisted
bicycle 1 according to a third embodiment. Fig. 13 is a
flowchart for illustrating assist control in the battery-as-
sisted bicycle 1 according to the third embodiment. The
assist control flow according to the third embodiment is
different from the assist control flow according to the first
embodiment in that a driving force setter 164 sets first
driving force and second driving force. In the following
description, the same elements as those according to
the first embodiment will be designated by the same ref-
erence characters and will not be described while only
different elements from the first embodiment will be de-
scribed.
[0120] Steps SC1 to SC6 and SC12 in the assist control
flow in Fig. 13 are the same as steps SA1 to SA6 and
SA12 in the assist control flow in Fig. 7 according to the
first embodiment. Therefore, steps SC1 to SC6 and SC12
will not be described in detail.
[0121] As shown in Fig. 12, the assist controller 104C
includes an assist force arithmetic unit 140, a first state
determiner 150, a torque determiner 151, a vehicle speed
calculator 152, a vehicle speed determiner 153, a motor
rotation determiner 154, the driving force setter 164, a
timing unit 157, a time determiner 158, a time setter 159,
and an operation signal determiner 160.
[0122] If the first state determiner 150 determines that
the battery-assisted bicycle 1 is in the first state and a
stop signal is input from the operation unit 190, the driving
force setter 164 sets driving force by the electric motor
61 at the point corresponding to the input of the stop
signal as the second driving force. The driving force setter
also sets the first driving force equal to or less than the
second driving force as target driving force to be achieved
when the elapsed time from the point of input of the stop
signal reaches a second period. The driving force setter

164 sets the first driving force equal to or less than the
second driving force in order to maintain or reduce the
assist force by the battery-assisted bicycle 1 in the assist
control.

Assist Control Flow

[0123] Now, the assist control carried out in the battery-
assisted bicycle 1 having the above described structure
to assist the movement of the battery-assisted bicycle 1
will be described by referring to the flow in Fig. 13.
[0124] As the assist control flow as shown in Fig. 13
starts (START), steps SC1 to SC6 are performed. In step
SC7, the driving force setter 164 sets driving force by the
electric motor 61 at the point corresponding to the input
of the stop signal as the second driving force. In step
SC8, the driving force setter 164 sets the first driving
force equal to or less than the second driving force as
target driving force to be achieved when the elapsed time
from the point of input of the stop signal from the operation
unit 190 reaches the prescribed second period. Accord-
ing to the embodiment, the first driving force is set lower
than the second driving force.
[0125] In step SC9, the assist force arithmetic unit 140
produces driving force by the electric motor 61 so that
the driving force by the electric motor 61 changes from
the second driving force to the first driving force when
the elapsed time from the point of input of the stop signal
reaches the prescribed second period. The motor con-
troller 105 controls driving of the electric motor 61 so that
the electric motor 61 outputs the driving force produced
by the assist force arithmetic unit 140.
[0126] In step SC10, the time determiner 158 deter-
mines whether the elapsed time from the point of input
of the stop signal has reached the prescribed second
period.
[0127] If the time determiner 158 determines in step
SC10 that the elapsed time from the point of input of the
stop signal has reached the prescribed second period
(YES), the motor controller 105 stops the electric motor
61 in step SC11 according to the driving force produced
by the assist force arithmetic unit 140. On the other hand,
if the time determiner 158 determines that the elapsed
time from the point of input of the stop signal has not
reached the prescribed second period (NO), the control
returns to step SC9 and continues to control driving of
the electric motor 61.
[0128] The electric motor 61 is stopped in step SC11
and this ends the assist control (END).
[0129] Fig. 14 is a graph showing changes in the driving
force in the assist control in the battery-assisted bicycle
1 according to the third embodiment. The abscissa rep-
resents time t and the ordinate represents driving force
D by the electric motor 61. Assume that at time t1, the
first state determiner 150 determines that the battery-
assisted bicycle 1 is in the first state and a stop signal is
input from the operation unit 190. Driving force by the
electric motor 61 at time t1 corresponding to the point of
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input of the stop signal is set as second driving force D2.
In the assist control according to the embodiment, when
the time elapsed from time t1 corresponding to the point
of input of the stop signal has reached a prescribed sec-
ond period T2, driving of the electric motor 61 is controlled
so that the driving force by the electric motor 61 changes
from the second driving force D2 to first driving force D1.
The change rate in the driving force by the electric motor
61 is set to a constant negative value. The electric motor
61 is stopped at time t2 at which the elapsed time from
the time t1 corresponding to the point of input of the stop
signal reaches the prescribed second period T2.

Advantages of Third Embodiment

[0130] In the battery-assisted bicycle 1 according to
the embodiment, the operation unit 190 is operated to
give assist stop instruction and the control to stop the
assist is carried out while the battery-assisted bicycle 1
moves by driving force by the electric motor 61 with no
pedal effort. In the assist control according to the embod-
iment, the second period T2 is secured as time before
the electric motor 61 is stopped. Therefore, the assist
force is unlikely to change abruptly and the user can sta-
bly support the battery-assisted bicycle 1.
[0131] In the assist control in the battery-assisted bi-
cycle 1 according to the embodiment, the driving force
by the electric motor 61 decreases from the second driv-
ing force D2 to the first driving force D1 until the pre-
scribed second period T2 elapses from the point of input
of the operation signal. Therefore, the assist force is un-
likely to change abruptly and the user can stably support
the battery-assisted bicycle 1.
[0132] According to the embodiment, when the oper-
ation unit 190 is operated to give assist stop instruction,
the assist control is carried out to change the driving force
by the electric motor 61 instead of simply delaying stop-
ping of the electric motor 61. Therefore, various changes
in the environment in which the battery-assisted bicycle
1 is used such as different degrees of inclination of slopes
can be coped with.

Fourth Embodiment

[0133] Fig. 15 is a block diagram of a general config-
uration of an assist controller 104D in a battery-assisted
bicycle 1 according to a fourth embodiment. Fig. 16 is a
flowchart for illustrating assist control in the battery-as-
sisted bicycle 1 according to the fourth embodiment. The
assist control flow according to the fourth embodiment is
different from the assist control according to the first em-
bodiment in that until the elapsed time from when an op-
eration signal is input reaches a second period, an ac-
celeration comparator 163 compares a real acceleration
detected by an acceleration detector 161 to a second
threshold as a threshold for real positive accelerations
and a third threshold as a threshold for real negative ac-
celerations. In the following description, the same ele-

ments as those according to the first embodiment will be
designated by the same reference characters and will
not be described while only different elements from the
first embodiment will be described.
[0134] Steps SD1 to SD6 and SD16 in the assist control
flow shown in Fig. 16 are the same as steps SA1 to SA6
and SA12 in the assist control flow shown in Fig. 7 ac-
cording to the first embodiment. Therefore, steps SD1 to
SD6 and SD16 will not be described in detail.
[0135] As shown in Fig. 15, an assist controller 104D
includes an assist force arithmetic unit 140, a first state
determiner 150, a torque determiner 151, a vehicle speed
calculator 152, a vehicle speed determiner 153, a motor
rotation determiner 154, a driving force setter 164, a driv-
ing force change rate setter 165, a timing unit 157, a time
determiner 158, a time setter 159, an operation signal
determiner 160, the acceleration detector 161, an accel-
eration threshold setter 162, and the acceleration com-
parator 163.
[0136] The driving force change rate setter 165 sets a
driving force change rate as a change rate in the driving
force by the electric motor 61 to a prescribed value. The
driving force change rate set by the driving force change
rate setter 165 is a prescribed negative value or zero.
The assist force by the battery-assisted bicycle 1 can be
prevented from increasing in the assist control by setting
the driving force change rate to a prescribed negative
value or zero.
[0137] The acceleration detector 161 detects a real ac-
celeration as a change rate in the real vehicle speed of
the battery-assisted bicycle 1. More specifically, the real
acceleration of the battery-assisted bicycle 1 can be de-
tected based on changes in the real vehicle speed of the
battery-assisted bicycle 1 calculated by the vehicle speed
calculator 152.
[0138] The acceleration threshold setter 162 sets a
second threshold as a threshold for real positive accel-
erations and a third threshold as a threshold for real neg-
ative accelerations. The second threshold is for example
a real acceleration value of battery-assisted bicycle 1
when the battery-assisted bicycle 1 approaches a down-
ward slope during the assist control. The third threshold
is a real acceleration value of the battery-assisted bicycle
1 for example when the brake is applied while the assist
control is performed.
[0139] The acceleration comparator 163 compares the
real acceleration detected by the acceleration detector
161 to the second threshold as the threshold for real pos-
itive accelerations and the third threshold as the thresh-
old for real negative accelerations until the elapsed time
from the point of input of the operation signal reaches
the second period.

Assist Control Flow

[0140] Now, the assist control carried out in the battery-
assisted bicycle 1 having the above-described structure
to assist the movement of the battery-assisted bicycle 1
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will be described by referring to the flow in Fig. 16.
[0141] As the assist control flow in Fig. 16 starts
(START), steps SD1 to SD6 are carried out. In step SD7,
the driving force setter 164 sets driving force by the elec-
tric motor 61 at the point when a stop signal is input as
second driving force. In step SD8, the driving force setter
164 sets first driving force as target driving force to be
achieved when the elapsed time from the point of input
of the stop signal from the operation unit 190 reaches
the prescribed second period. The first driving force is
less than the second driving force.
[0142] In step SD9, the driving force change rate setter
165 sets a first change rate and a second change rate
as change rates in the driving force by the electric motor
61. The first change rate is a change rate in the driving
force when the driving force by the electric motor 61
changes from the second driving force to the first driving
force. The first change rate is a negative value. The sec-
ond change rate is less than the first change rate. The
second change rate is also a negative value.
[0143] In step SD10, the assist force arithmetic unit
140 produces driving force by the electric motor 61 so
that the driving force by the electric motor 61 changes
from the second driving force to the first driving force
when the elapsed time from the point of input of the stop
signal reaches the prescribed second period. The motor
controller 105 controls driving of the electric motor 61 so
that the electric motor 61 outputs the driving force pro-
duced by the assist force arithmetic unit 140.
[0144] In step SD11, the acceleration comparator 163
compares the real acceleration detected by the acceler-
ation detector 161 to the second threshold as the thresh-
old for real positive accelerations and the third threshold
as the threshold for real negative accelerations until the
elapsed time from the point of input of the operation signal
reaches the second period.
[0145] In step SD11, if the real acceleration detected
by the acceleration detector 161 is equal to or less than
the second threshold and equal to or more than the third
threshold (YES), the control proceeds to step SD12. In
step SD12, the assist force arithmetic unit 140 produces
driving force by the electric motor 61 still at the first
change rate. The motor controller 105 controls driving of
the electric motor 61 so that the electric motor 61 outputs
the driving force produced by the assist force arithmetic
unit 140.
[0146] In step SD13, the time determiner 158 deter-
mines whether the elapsed time from the point of input
of the stop signal has reached the prescribed second
period.
[0147] In step SD13, if the time determiner 158 deter-
mines that the elapsed time from the point of input of the
stop signal has reached the prescribed second period
(YES), the motor controller 105 stops the electric motor
61 in step SD15 according to the driving force produced
by the assist force arithmetic unit 140. On the other hand,
if the time determiner 158 determines that the elapsed
time from the point of input of the stop signal has not

reached the prescribed second period (NO), the control
returns to step SD11.
[0148] On the other hand, if the control proceeds from
step SD10 to step SD11 and the real acceleration de-
tected by the acceleration detector 161 is more than the
second threshold or less than the third threshold (NO),
the control proceeds to step SD14. In step SD14, the
assist force arithmetic unit 140 continues to produce driv-
ing force by the electric motor 61 until the driving force
by the electric motor 61 changes at the second change
rate and reaches zero. The motor controller 105 controls
driving of the electric motor 61 so that the electric motor
61 outputs the driving force produced by the assist force
arithmetic unit 140.
[0149] In step SD15, the electric motor 61 is stopped
and this ends the assist control (END). More specifically,
if the real acceleration detected by the acceleration de-
tector 161 is more than the second threshold or less than
the third threshold (NO) in step SD11, the electric motor
61 stops before the elapsed time from the point of input
of the stop signal reaches the second period.
[0150] Fig. 17 is a graph showing changes in the driving
force in the assist control in the battery-assisted bicycle
1 according to the fourth embodiment. The abscissa rep-
resents time t and the ordinate represents driving force
D by the electric motor 61. Assume that at time t1, the
first state determiner 150 determines that the battery-
assisted bicycle 1 is in the first state and a stop signal is
input from the operation unit 190. The driving force by
the electric motor 61 at time t1 at which the stop signal
is input is set as second driving force D2. In the assist
control according to the embodiment, driving of the elec-
tric motor 61 is controlled so that the driving force by the
electric motor 61 changes from the second driving force
D2 to first driving force D1 when the elapsed time from
time t1 corresponding to the point of input of the stop
signal reaches a prescribed second period T2. The
change rate in the driving force by the electric motor 61
is set to the first change rate that is a constant negative
value. If it is determined that at time t3, the acceleration
of the battery-assisted bicycle 1 is more than the second
threshold or less than the third threshold, the change rate
in the driving force by the electric motor 61 is changed
to the second change rate that is less than the first change
rate. According to the embodiment, the driving force D
by the electric motor 61 continues to change at the sec-
ond change rate until the driving force D reaches zero.
At time t4, the driving force D by the electric motor 61
reaches zero and the electric motor 61 stops. More spe-
cifically, the assist control ends at time t4 before the
elapsed time from time t1 corresponding to the point of
input of the stop signal reaches the second period T2.

Advantages of Fourth Embodiment

[0151] In the battery-assisted bicycle 1 according to
the embodiment, driving of the electric motor 61 is con-
trolled to reduce the assist force if the real acceleration
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of the battery-assisted bicycle 1 is more than the second
threshold as the threshold for real positive accelerations
or less than the third threshold as the threshold for real
negative accelerations. The real acceleration of the bat-
tery-assisted bicycle 1 is more than the second threshold
for example when the vehicle approaches a downward
slope. The real acceleration of the battery-assisted bicy-
cle 1 is less than the third threshold for example when
the brake is applied and the battery-assisted bicycle 1
slows down. The assist force is reduced for example
when the real acceleration increases as the vehicle ap-
proaches a downward slope or when the brake is applied
and the real acceleration is reduced. In this way, the user
can stably support the battery-assisted bicycle 1.
[0152] According to the embodiment, if the real accel-
eration detected by the acceleration detector 161 is more
than the second threshold as the threshold for real pos-
itive accelerations or less than the third threshold as the
threshold for real negative accelerations, the electric mo-
tor 61 is stopped before the elapsed time from the point
of input of the operation signal reaches the second period
T2. The assist force is reduced in a short time when the
real acceleration detected by the acceleration detector
161 is more than the second threshold or less than the
third threshold, so that increase in the real acceleration
of the battery-assisted bicycle can be suppressed. In this
way, the user can stably support the battery-assisted bi-
cycle 1.

Fifth Embodiment

[0153] Fig. 18 is a block diagram of a general config-
uration of an assist controller 104E in a battery-assisted
bicycle 1 according to a fifth embodiment. Fig. 19 is a
flowchart for illustrating assist control in the battery-as-
sisted bicycle 1 according to the fifth embodiment. The
assist control flow according to the fifth embodiment is
different from the assist control flow according to the first
embodiment in that when a stop signal is input from an
operation unit 190, a travel distance determiner 167 de-
termines whether the travel distance from the point where
the stop signal is input reaches a first distance. In the
following description, the same elements as those ac-
cording to the first embodiment will be designated by the
same reference characters and will not be described
while only different elements from the first embodiment
will be described.
[0154] Steps SE1 to SE5 and SE12 in the assist control
flow in Fig. 19 are the same as steps SA1 to SA5 and
SA12 in the assist control flow shown in Fig. 7 according
to the first embodiment. Therefore, steps SE1 to SE5 and
SE12 will not be described in detail.
[0155] As shown in Fig. 18, the assist controller 104E
includes an assist force arithmetic unit 140, a first state
determiner 150, a torque determiner 151, a vehicle speed
calculator 152, a vehicle speed determiner 153, a motor
rotation determiner 154, a vehicle speed setter 155, a
travel distance measuring unit 166, the travel distance

determiner 167, a travel distance setter 168, and an op-
eration signal determiner 160.
[0156] If the first state determiner 150 determines that
the battery-assisted bicycle 1 is in the first state and a
stop signal is input from the operation unit 190, the vehicle
speed setter 155 sets an estimated vehicle speed of the
battery-assisted bicycle 1 at the point corresponding to
the input of the stop signal as a fourth vehicle speed. A
third vehicle speed that is an estimated vehicle speed
equal to or less than the fourth vehicle speed is set as a
target vehicle speed to be achieved when the travel dis-
tance from the point of input of the stop signal reaches
a prescribed first distance. The third vehicle speed equal
to or less than the fourth vehicle speed is set by the ve-
hicle speed setter 155 in order to maintain or reduce as-
sist force by the battery-assisted bicycle 1 in the assist
control.
[0157] If the first state determiner 150 determines that
the battery-assisted bicycle 1 is in the first state and the
stop signal is input from the operation unit 190, the travel
distance measuring unit 166 measures the travel dis-
tance from the point of input of the stop signal.
[0158] If the stop signal is input from the operation unit
190, the travel distance determiner 167 determines
whether the travel distance from the point of input of the
stop signal has reached the first distance.
[0159] If the stop signal is input from the operation unit
190, the travel distance setter 168 sets the length of the
travel distance from the point of input of the stop signal
until the electric motor 61 is stopped as the first distance.
Depending on the environment in which the battery-as-
sisted bicycle 1 is used, the length of the travel distance
from the point of input of the stop signal until the electric
motor 61 is stopped may be set to a different distance
from the first distance.

Assist Control Flow

[0160] Now, the assist control carried out in the battery-
assisted bicycle 1 having the above-described structure
to assist the movement of the battery-assisted bicycle 1
will be described by referring to the flow in Fig. 19.
[0161] As the assist control flow as shown in Fig. 19
starts (START), steps SE1 to SE5 are carried out. In step
SE6, the travel distance measuring unit 166 starts to
measure the travel distance from the point of input of the
stop signal.
[0162] In step SE7, an estimated vehicle speed at the
point where a stop signal is input is set as a fourth vehicle
speed by the vehicle speed setter 155.
[0163] In step SE8, the vehicle speed setter 155 sets
the third vehicle speed that is an estimated vehicle speed
equal to or lower than the fourth vehicle speed. According
to the embodiment, the third vehicle speed is set lower
than the fourth vehicle speed.
[0164] In step SE9, the assist force arithmetic unit 140
produces driving force by the electric motor 61 so that
the estimated vehicle speed of the battery-assisted bicy-
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cle 1 changes from the fourth vehicle speed to the third
vehicle speed.
[0165] More specifically, the assist force arithmetic unit
140 produces driving force by the electric motor 61 using
feedback so that the estimated vehicle speed calculated
by the vehicle speed calculator 152 changes from the
fourth vehicle speed to the third vehicle speed when the
travel distance from the point of input of the stop signal
reaches the prescribed first distance. The motor control-
ler 105 controls driving of the electric motor 61 so that
the electric motor 61 outputs the driving force produced
by the assist force arithmetic unit 140.
[0166] In step SE10, the travel distance determiner 167
determines whether the travel distance from the point of
input of the stop signal has reached the prescribed first
distance.
[0167] If the travel distance determiner 167 determines
in step SE10 that the travel distance from the point of
input of the stop signal has reached the prescribed first
distance (YES), the motor controller 105 stops the elec-
tric motor 61 in step SE11 according to the driving force
produced by the assist force arithmetic unit 140.
[0168] On the other hand, if the travel distance deter-
miner 167 determines that the travel distance from the
point of input of the stop signal has not reached the pre-
scribed first distance (NO), the control returns to step
SE9 and continues to control driving of the electric motor
61.
[0169] In step SE11, the electric motor 61 is stopped
and this ends the assist control (END).
[0170] Fig. 20 is a graph showing changes in the esti-
mated vehicle speed in the assist control in the battery-
assisted bicycle 1 according to the fifth embodiment. The
abscissa represents position P and the ordinate repre-
sents estimated vehicle speed V. Assume that the first
state determiner 150 determines that the battery-assist-
ed bicycle 1 is in the first state and a stop signal is input
from the operation unit 190 in position P1. The estimated
vehicle speed in position P1 at the point corresponding
to the input of the stop signal is set as a fourth vehicle
speed V4. In the assist control according to the embod-
iment, driving of the electric motor 61 is controlled so that
the estimated vehicle speed of the battery-assisted bicy-
cle 1 changes from the fourth vehicle speed V4 to a third
vehicle speed V3 when the travel distance from position
P1 corresponding to the point of input of the stop signal
reaches a prescribed first distance L1. The acceleration
of the battery-assisted bicycle 1 is set to a constant neg-
ative value. The electric motor 61 is stopped in position
P2 where the travel distance from position P1 corre-
sponding to the point of input of the stop signal reaches
the prescribed first distance L1.

Advantages of Fifth Embodiment

[0171] In the battery-assisted bicycle 1 according to
the embodiment, the operation unit 190 is operated to
give assist stop instruction and the control to stop the

assist is performed accordingly while the battery-assist-
ed bicycle 1 moves by driving force by the electric motor
61 with no pedal effort. In the assist control according to
the embodiment, the first distance L1 is secured as the
travel distance before the electric motor 61 is stopped.
Therefore, the assist force is unlikely to change abruptly
and the user can stably support the battery-assisted bi-
cycle 1.
[0172] In the assist control in the battery-assisted bi-
cycle 1 according to the embodiment, the estimated ve-
hicle speed of the battery-assisted bicycle 1 decreases
from the fourth vehicle speed V4 to the third vehicle speed
V3 until the prescribed first distance L1 is reached from
the point of input of the operation signal. In this way, the
user can stably support the battery-assisted bicycle 1.
[0173] According to the embodiment, when the oper-
ation unit 190 is operated to give assist stop instruction,
the assist control is carried out to change the estimated
vehicle speed instead of simply delaying stopping of the
electric motor 61. Therefore, various changes in the en-
vironment in which the battery-assisted bicycle 1 is used
such as different degrees of inclination of slopes can be
coped with.
[0174] According to the embodiment, the travel dis-
tance before the electric motor 61 is stopped by the assist
control can be set by the distance setter. In this way, the
travel distance for which the assist control is carried out
can be changed depending on the environment in which
the vehicle is used.

Sixth Embodiment

[0175] Fig. 21 is a block diagram of a general config-
uration of an assist controller 104F in a battery-assisted
bicycle 1 according to a sixth embodiment. Fig. 22 is a
flowchart for illustrating assist control in the battery-as-
sisted bicycle 1 according to the sixth embodiment. The
assist control flow according to the sixth embodiment is
different from the assist control flow according to the first
embodiment in that an acceleration comparator 163 com-
pares a real acceleration detected by an acceleration de-
tector 161 and a fourth threshold as a threshold for real
positive accelerations until the travel distance from the
point where an operation signal is input reaches a first
distance. In the following description, the same elements
as those according to the first embodiment will be des-
ignated by the same reference characters and will not be
described while only different elements from the first em-
bodiment will be described.
[0176] Steps SF1 to SF5 and SF16 in the assist control
flow shown in Fig. 22 are the same as steps SA1 to SA5
and SA12 in the assist control flow shown in Fig. 7 ac-
cording to the first embodiment. Therefore, steps SF1 to
SF5 and SF16 will not be described in detail.
[0177] As shown in Fig. 21, the assist controller 104B
includes an assist force arithmetic unit 140, a first state
determiner 150, a torque determiner 151, a vehicle speed
calculator 152, a vehicle speed determiner 153, a motor
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rotation determiner 154, a vehicle speed setter 155, an
acceleration setter 156, a travel distance measuring unit
166, a travel distance determiner 167, a travel distance
setter 168, an operation signal determiner 160, the ac-
celeration detector 161, an acceleration threshold setter
162, and the acceleration comparator 163.
[0178] The acceleration threshold setter 162 sets the
fourth threshold as the threshold for real positive accel-
erations. The fourth threshold is a real acceleration value
of the battery-assisted bicycle 1 for example when the
battery-assisted bicycle 1 approaches a downward slope
while the assist control is performed.
[0179] The acceleration comparator 163 compares the
real acceleration detected by the acceleration detector
161 and the fourth threshold as the threshold for real
positive accelerations until the travel distance from the
point of input of the operation signal reaches the first
distance.

Assist Control Flow

[0180] Now, the assist control carried out in the battery-
assisted bicycle 1 having the above-described structure
to assist the movement of the battery-assisted bicycle 1
will be described by referring to the flow in Fig. 22.
[0181] As the assist control flow as shown in Fig. 22
starts (START), steps SF1 to SF5 are carried out. In step
SF6, the travel distance measuring unit 166 starts to
measure the travel distance from the point where a stop
signal is input.
[0182] In step SF7, the vehicle speed setter 155 sets
an estimated vehicle speed at the point corresponding
to the input of the stop signal as a fourth vehicle speed.
[0183] In step SF8, the vehicle speed setter 155 sets
a third vehicle speed that is an estimated vehicle speed
lower than the fourth vehicle speed as a target vehicle
speed.
[0184] In step SF9, the acceleration setter 156 sets a
third acceleration and a fourth acceleration as change
rates in the estimated vehicle speed of the battery-as-
sisted bicycle 1. The third acceleration is an estimated
vehicle acceleration with which the estimated vehicle
speed of the battery-assisted bicycle changes from the
fourth vehicle speed to the third vehicle speed. The fourth
acceleration is less than the third acceleration.
[0185] In step SF10, the assist force arithmetic unit 140
produces driving force by the electric motor 61 so that
the estimated vehicle speed of the battery-assisted bicy-
cle 1 changes from the fourth vehicle speed to the third
vehicle speed when the travel distance from the point of
input of the stop signal reaches the prescribed first dis-
tance.
[0186] More specifically, the assist force arithmetic unit
140 produces driving force by the electric motor 61 using
feedback control so that the estimated vehicle speed cal-
culated by the vehicle speed calculator 152 changes from
the fourth vehicle speed to the third vehicle speed with
the third acceleration when the travel distance from the

point of input of the stop signal reaches the prescribed
first distance. The motor controller 105 controls driving
of the electric motor 61 so that the electric motor 61 out-
puts the driving force produced by the assist force arith-
metic unit 140.
[0187] In step SF11, the acceleration comparator 163
compares a real acceleration detected by the accelera-
tion detector 161 and the fourth threshold as the threshold
for real positive accelerations until the travel distance
from the point of input of the operation signal reaches
the first distance.
[0188] If it is determined in step SF11 that the real ac-
celeration detected by the acceleration detector 161 is
equal to or less than the fourth threshold (YES), the con-
trol proceeds to step SF12. In step SF12, the assist force
arithmetic unit 140 produces driving force by the electric
motor 61 so that the estimated speed continues to
change with the third acceleration. The motor controller
105 controls driving of the electric motor 61 so that the
electric motor 61 outputs the driving force produced by
the assist force arithmetic unit 140.
[0189] In step SF13, the travel distance determiner 167
determines whether the travel distance from the point of
input of the stop signal has reached the prescribed first
distance.
[0190] If the travel distance determiner 167 determines
in step SF13 that the travel distance from the point of
input of the stop signal has reached the prescribed first
distance (YES), the motor controller 105 stops the elec-
tric motor 61 in step SF15 according to the driving force
produced by the assist force arithmetic unit 140. On the
other hand, if the travel distance determiner 167 deter
mines that the travel distance from the point of input of
the stop signal has not reached the prescribed first dis-
tance (NO), the control returns to step SF11.
[0191] On the other hand, if the control proceeds from
step SF10 to step SF11 and it is determined that the real
acceleration detected by the acceleration detector 161
is more than the fourth threshold (NO), the control pro-
ceeds to step SF14. In step SF14, the assist force arith-
metic unit 140 produces driving force by the electric motor
61 using feedback control until the estimated vehicle
speed calculated by the vehicle speed calculator 152
changes with the fourth acceleration and reaches zero.
The motor controller 105 controls driving of the electric
motor 61 so that the electric motor 61 outputs the driving
force produced by the assist force arithmetic unit 140.
[0192] The electric motor 61 is stopped in step SF15
and this ends the assist control (END). More specifically,
if it is determined in step SF11 that the real acceleration
detected by the acceleration detector 161 is more than
the fourth threshold (NO), the electric motor 61 is stopped
before the travel distance from the point of input of the
stop signal reaches the first distance.
[0193] Fig. 23 is a graph showing changes in the esti-
mated vehicle speed in the assist control in the battery-
assisted bicycle 1 according to the sixth embodiment.
The abscissa represents position P and the ordinate rep-
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resents estimated vehicle speed V. Assume that the first
state determiner 150 determines that the battery-assist-
ed bicycle 1 is in the first state and a stop signal is input
from the operation unit 190 in position P1. The estimated
vehicle speed in position P1 where the stop signal is input
is set as a fourth vehicle speed V4. In the assist control
according to the embodiment, driving of the electric motor
61 is controlled so that the estimated vehicle speed of
the battery-assisted bicycle 1 changes from the fourth
vehicle speed V4 to a third vehicle speed V3 when the
travel distance from position P1 corresponding to the
point of input of the stop signal reaches a prescribed first
distance L1. The estimated acceleration of the battery-
assisted bicycle 1 is set to the third acceleration. If it is
determined that the real acceleration of the battery-as-
sisted bicycle 1 is more than the fourth threshold in po-
sition P3, the estimated acceleration of the battery-as-
sisted bicycle 1 is changed to the fourth acceleration that
is less than the third acceleration. According to the em-
bodiment, the estimated speed V of the battery-assisted
bicycle 1 continues to change with the fourth acceleration
until the estimated vehicle speed V reaches zero. The
estimated vehicle speed V reaches zero in position P4
and the electric motor 61 stops. More specifically, the
assist control ends in position P4 before the travel dis-
tance from position P1 corresponding to the point of input
of the stop signal reaches the prescribed first distance L1.

Advantages of Sixth Embodiment

[0194] In the battery-assisted bicycle 1 according to
the embodiment, if it is determined that the real acceler-
ation is more than the fourth threshold as the battery-
assisted bicycle 1 accelerates, driving of the electric mo-
tor 61 is controlled so that the assist force is reduced.
The battery-assisted bicycle 1 accelerates and the real
acceleration exceeds the fourth threshold for example
when the vehicle approaches a downward slope. When
for example the battery-assisted bicycle 1 approaches a
downward slope and the real acceleration of battery-as-
sisted bicycle 1 increases, the assist force is reduced. In
this way, the user can stably assist the battery-assisted
bicycle 1.
[0195] According to the embodiment, if the real accel-
eration detected by the acceleration detector 161 is more
than the fourth threshold, the electric motor 61 is stopped
before the travel distance from the point of input of the
operation signal reaches the first distance L1. If the real
acceleration detected by the acceleration detector 161
is high, the assist force is reduced in a short time, so that
increase in the real acceleration of the battery-assisted
bicycle can be suppressed. In this way, the user can sta-
bly support the battery-assisted bicycle 1.

Seventh Embodiment

[0196] Fig. 24 is a block diagram of a general config-
uration of an assist controller 104G in a battery-assisted

bicycle 1 according to a seventh embodiment. Fig. 25 is
a flowchart for illustrating assist control in the battery-
assisted bicycle 1 according to the seventh embodiment.
The assist control flow according to the seventh embod-
iment is different from the assist control flow according
to the first embodiment in that a driving force setter 164
sets third driving force and fourth driving force. In the
following description, the same elements as those ac-
cording to the first embodiment will be designated by the
same reference characters and will not be described
while only different elements from the first embodiment
will be described.
[0197] Steps SG1 to SG5 and SG12 in the assist con-
trol flow in Fig. 25 are the same as steps SA1 to SA5 and
SA12 in the assist control flow in Fig. 7 according to the
first embodiment. Therefore, steps SG1 to SG5 and
SG12 will not be described in detail.
[0198] As shown in Fig. 24, the assist controller 104G
includes an assist force arithmetic unit 140, a first state
determiner 150, a torque determiner 151, a vehicle speed
calculator 152, a vehicle speed determiner 153, a motor
rotation determiner 154, the driving force setter 164, a
travel distance measuring unit 166, a travel distance de-
terminer 167, a travel distance setter 168, and an oper-
ation signal determiner 160.
[0199] If the first state determiner 150 determines that
the battery-assisted bicycle 1 is in the first state and a
stop signal is input from the operation unit 190, the driving
force setter 164 sets driving force by the electric motor
61 at the point corresponding to the input of the stop
signal as fourth driving force. Third driving force less than
the fourth driving force is set as target driving force to be
achieved when the travel distance from the point of input
of the stop signal reaches a prescribed second distance.
The driving force setter 164 sets the third driving force
less than the fourth driving force in order to reduce the
assist force by the battery-assisted bicycle 1 in the assist
control.

Assist Control Flow

[0200] Now, the assist control carried out in the battery-
assisted bicycle 1 having the above-described structure
to assist the movement of the battery-assisted bicycle 1
will be described by referring to the flow in Fig. 25.
[0201] As the assist control flow as shown in Fig. 25
starts (START), steps SG1 to SG5 are carried out. In
step SG6, the travel distance measuring unit 166 starts
to measure the travel distance from the point where the
stop signal is input.
[0202] In step SG7, the driving force setter 164 sets
the driving force by the electric motor 61 at the point cor-
responding to the input of the stop signal as the fourth
driving force. In step SG8, the driving force setter 164
sets the third driving force equal to or less than the fourth
driving force as target driving force to be achieved when
the travel distance from the point corresponding to the
input of the stop signal from the operation unit 190 reach-
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es the prescribed second distance. According to the em-
bodiment, the third driving force is set less than the fourth
driving force.
[0203] In step SG9, the assist force arithmetic unit 140
produces driving force by the electric motor 61 so that
the driving force by the electric motor 61 changes from
the fourth driving force to the third driving force when the
travel distance from the point corresponding to the input
of the stop signal reaches the prescribed second dis-
tance. The motor controller 105 controls driving of the
electric motor 61 so that the electric motor 61 outputs the
driving force produced by the assist force arithmetic unit
140.
[0204] In step SG10, the travel distance determiner
167 determines whether the travel distance from the point
corresponding to the input of the stop signal has reached
the prescribed second distance.
[0205] If the travel distance determiner 167 determines
in step SG10 that the travel distance from the point cor-
responding to the input of the stop signal has reached
the prescribed second distance (YES), the motor con-
troller 105 stops the electric motor 61 in step SG11 ac-
cording to the driving force produced by the assist force
arithmetic unit 140. On the other hand, if the travel dis-
tance determiner 167 determines that the distance from
the point corresponding to the input of the stop signal
has not reached the second distance (NO), the control
returns to step SG9 and continues to control driving of
the electric motor 61.
[0206] In step SG11, the electric motor 61 is stopped
and this ends the assist control (END).
[0207] Fig. 26 is a graph showing changes in the driving
force in the assist control in the battery-assisted bicycle
1 according to the seventh embodiment. The abscissa
represents position P and the ordinate represents driving
force D by the electric motor 61. Assume that the first
state determiner 150 determines that the battery-assist-
ed bicycle 1 is in the first state and a stop signal is input
from the operation unit 190 in position P1. The driving
force by the electric motor 61 in position P1 where the
stop signal is input is set as fourth driving force D4. In
the assist control according to the embodiment, driving
of the electric motor 61 is controlled so that the driving
force by the electric motor 61 changes from the fourth
driving force D4 to third driving force D3 when the travel
distance from position P1 corresponding to the input of
the stop signal reaches a prescribed second distance L2.
The change rate in the driving force by the electric motor
61 is set to a constant negative value. The electric motor
61 is stopped in position P2 where the travel distance
from position P1 corresponding to the input of the stop
signal reaches the prescribed second distance L2.

Advantages of Seventh Embodiment

[0208] In the battery-assisted bicycle 1 according to
the embodiment, the operation unit 190 is operated to
give assist stop instruction and the control to stop the

assist is carried out while the battery-assisted bicycle 1
moves by driving force by the electric motor 61 with no
pedal effort. In the assist control according to the embod-
iment, the second distance is secured as the travel dis-
tance before the electric motor 61 is stopped. Therefore,
the assist force is unlikely to change abruptly and the
user can stably support the battery-assisted bicycle 1.
[0209] In the assist control in the battery-assisted bi-
cycle 1 according to the embodiment, until a prescribed
second distance L2 is reached from the point correspond-
ing to the input of the operation signal, the driving force
by the electric motor 61 decreases from the fourth driving
force D4 to the third driving force D3. Therefore, the assist
force is unlikely to change abruptly and the user can sta-
bly support the battery-assisted bicycle 1.
[0210] According to the embodiment, when the oper-
ation unit 190 is operated to give assist stop instruction,
the assist control is carried out to change the driving force
by the electric motor 61 instead of simply delaying stop-
ping of the electric motor 61. Therefore, various changes
in the environment in which the battery-assisted bicycle
1 is used such as different degrees of inclination of slopes
can be coped with.

Eighth Embodiment

[0211] Fig. 27 is a block diagram of a general config-
uration of an assist controller 104H in a battery-assisted
bicycle 1 according to an eighth embodiment. Fig. 28 is
a flowchart for illustrating an assist control flow in the
battery-assisted bicycle 1 according to the eighth em-
bodiment. The assist control flow according to the eighth
embodiment is different from the assist control flow ac-
cording to the first embodiment in that an acceleration
comparator 163 compares a real acceleration detected
by an acceleration detector 161 to a fifth threshold as a
threshold for real positive accelerations and a sixth
threshold as a threshold for real negative accelerations
until the travel distance from the point where an operation
signal is input reaches a second distance. In the follow-
ing, the same elements as those according to the first
embodiment will be designated by the same reference
characters and will not be described and only different
elements from the first embodiment will be described.
[0212] Steps SH1 to SH5 and SH16 in the assist control
flow in Fig. 28 are the same as steps SA1 to SA6 and
SA12 in the assist control flow shown in Fig. 7 according
to the first embodiment. Therefore, steps SH1 to SH5
and SH16 will not be described in detail.
[0213] As shown in Fig. 27, the assist controller 104H
includes an assist force arithmetic unit 140, a first state
determiner 150, a torque determiner 151, a vehicle speed
calculator 152, a vehicle speed determiner 153, a motor
rotation determiner 154, a driving force setter 164, a driv-
ing force change rate setter 165, a travel distance meas-
uring unit 166, a travel distance determiner 167, a travel
distance setter 168, an operation signal determiner 160,
the acceleration detector 161, an acceleration threshold
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setter 162, and the acceleration comparator 163.
[0214] The driving force change rate setter 165 sets a
driving force change rate as a change rate in driving force
by electric motor 61 to a prescribed value. The driving
force change rate set by the driving force change rate
setter 165 is a prescribed negative value or zero. The
driving force change rate is thus set to a prescribed neg-
ative value or zero, so that the assist force of the battery-
assisted bicycle 1 can be prevented from increasing in
the assist control.
[0215] The acceleration detector 161 detects a real ac-
celeration as a change rate in the real vehicle speed of
the battery-assisted bicycle 1. More specifically, the real
acceleration of the battery-assisted bicycle 1 is detected
from changes in the real vehicle speed of the battery-
assisted bicycle 1 calculated by the vehicle speed calcu-
lator 152.
[0216] The acceleration threshold setter 162 sets a fifth
threshold as a threshold for real positive accelerations
and a sixth threshold as a threshold for real negative
accelerations. The fifth threshold is a real acceleration
value of the battery-assisted bicycle 1 for example when
the battery-assisted bicycle 1 approaches a downward
slope during the assist control. The sixth threshold is a
real acceleration value of the battery-assisted bicycle 1
for example when the brake is applied while the assist
control is performed.
[0217] The acceleration comparator 163 compares a
real acceleration detected by the acceleration detector
161 to the fifth threshold as the threshold for real positive
accelerations and the sixth threshold for real negative
accelerations until the travel distance from the point cor-
responding to the input of the operation signal reaches
the second distance.

Assist Control Flow

[0218] Now, the assist control carried out in the battery-
assisted bicycle 1 having the above-described structure
to assist the movement of the battery-assisted bicycle 1
will be described by referring to the flow in Fig. 28.
[0219] As the assist control flow as shown in Fig. 28
starts (START), steps SH1 to SH5 are carried out. In step
SH6, the travel distance measuring unit 166 starts to
measure the travel distance from the point corresponding
to the input of the stop signal.
[0220] In step SH7, the driving force setter 164 sets
driving force by the electric motor 61 at the point corre-
sponding to the input of the stop signal is set as fourth
driving force. In step SH8, the driving force setter 164
sets third driving force as target driving force to be
achieved when the travel distance from the point corre-
sponding to the input of the stop signal from the operation
unit 190 reaches the prescribed second distance. The
third driving force is less than the fourth driving force.
[0221] In step SH9, the driving force change rate setter
165 sets third and fourth change rates as change rates
in driving force by the electric motor 61. The third change

rate is a change rate in the driving force when the driving
force of the electric motor 61 changes from the fourth
driving force to the third driving force. The third change
rate is a negative value. The fourth change rate is less
than the third change rate. The fourth change rate is also
a negative value.
[0222] In step SH10, the assist force arithmetic unit
140 produces driving force by the electric motor 61 so
that the driving force by the electric motor 61 changes
from the fourth driving force to the third driving force when
the travel distance from the point corresponding to the
input of the stop signal reaches the prescribed second
distance. The motor controller 105 controls driving of the
electric motor 61 so that the electric motor 61 outputs the
driving force produced by the assist force arithmetic unit
140.
[0223] In step SH11, the acceleration comparator 163
compares a real acceleration detected by the accelera-
tion detector 161 to the fifth threshold as the threshold
for real positive accelerations and the sixth threshold as
the threshold for real negative accelerations until the trav-
el distance from the point where the operation signal is
input reaches the second distance.
[0224] In step SH11, if the real acceleration detected
by the acceleration detector 161 is equal to or less than
the fifth threshold and equal to or more than the sixth
threshold (YES), the control proceeds to step SH12. In
step SH12, the assist force arithmetic unit 140 continues
to produce driving force by the electric motor 61 at the
third change rate. The motor controller 105 controls driv-
ing of the electric motor 61 so that the electric motor 61
outputs the driving force produced by the assist force
arithmetic unit 140.
[0225] In step SH13, the travel distance determiner
167 determines whether the distance from the point cor-
responding to the input of the stop signal has reached
the prescribed second distance.
[0226] If the travel distance determiner 167 determines
in step SH13 that the distance from the point correspond-
ing to the input of the stop signal reaches the prescribed
second distance (YES), the motor controller 105 stops
the electric motor 61 in step SH15 according to the driving
force produced by the assist force arithmetic unit 140.
On the other hand, if the travel distance determiner 167
determines that the distance from the point correspond-
ing to the input of the stop signal has not reached the
first distance (NO), the control returns to step SH11.
[0227] On the other hand, if the control proceeds from
step SH10 to SH11 and the real acceleration detected
by the acceleration detector 161 is more than the fifth
threshold or less than the sixth threshold (NO), the control
proceeds to step SH14. In step SH14, the assist force
arithmetic unit 140 produces driving force by the electric
motor 61 until the driving force by the electric motor 61
changes at the fourth change rate and reaches zero. The
motor controller 105 controls driving of the electric motor
61 so that the electric motor 61 outputs the driving force
produced by the assist force arithmetic unit 140.
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[0228] In the step SH15, the electric motor 61 is
stopped and this ends the assist control (END). More
specifically, if the real acceleration detected by the ac-
celeration detector 161 is more than the fifth threshold
or less than the sixth threshold in step SH11 (NO), the
electric motor 61 is stopped before the travel distance
from the point corresponding to the input of the stop signal
reaches the second distance.
[0229] Fig. 29 is a graph showing changes in the driving
force in the assist control in the battery-assisted bicycle
1 according to the eighth embodiment. The abscissa rep-
resents position P and the ordinate represents driving
force D by the electric motor 61. Assume that the first
state determiner 150 determines that the battery-assist-
ed bicycle 1 is in the first state and a stop signal is input
from the operation unit 190 in position P1. The driving
force by the electric motor 61 in position P1 correspond-
ing to the input of the stop signal is set as fourth driving
force D4. In the assist control according to the embodi-
ment, driving force by the electric motor 61 is controlled
so that the driving force by the electric motor 61 changes
from the fourth driving force D4 to third driving force D3
when the travel distance from position P1 corresponding
to the input of the stop signal reaches a prescribed sec-
ond distance L2. The change rate in the driving force is
set to a third change rate that is a constant negative value.
If it is determined that the acceleration of the battery-
assisted bicycle 1 is more than the fifth threshold or less
than the sixth threshold in position P3, the change rate
in the driving force by the electric motor 61 is changed
to the fourth change rate that is less than the third change
rate. According to the embodiment, the driving force D
by the electric motor 61 continues to change at the fourth
change rate until the driving force D reaches zero. The
driving force D by the embodiment 61 reaches zero and
the electric motor 61 is stopped in position P4. More spe-
cifically, the assist control ends in position P4 before the
travel distance from position P1 corresponding to the in-
put of the stop signal reaches the second distance L2.

Advantages of Eighth Embodiment

[0230] In the battery-assisted bicycle 1 according to
the embodiment, driving of the electric motor 61 is con-
trolled so that the assist force is reduced if the real ac-
celeration of the battery-assisted bicycle 1 is more than
the fifth threshold as the threshold for real positive accel-
erations or less than the sixth threshold as the threshold
for real negative accelerations. The real acceleration of
the battery-assisted bicycle 1 is more than the fifth thresh-
old for example when the vehicle approaches a down-
ward slope. The real acceleration of the battery-assisted
bicycle 1 is less than the sixth threshold for example when
the brake is applied and the battery-assisted bicycle 1
slows down. The assist force is reduced for example
when the real acceleration increases as the vehicle ap-
proaches a downward slope or the brake is applied and
the real acceleration is reduced. In this way, the user can

stably support the battery-assisted bicycle 1.
[0231] According to the embodiment, if the real accel-
eration detected by the acceleration detector 161 is more
than the fifth threshold as the threshold for real positive
accelerations or less than the sixth threshold as the
threshold for real negative accelerations, the electric mo-
tor 61 is stopped before the travel distance from the point
corresponding to the input of the operation signal reaches
the second distance L2. If the real acceleration detected
by the acceleration detector 161 is more than the fifth
threshold or less than the sixth threshold, the assist force
is reduced in a short time, so that increase in the accel-
eration of the battery-assisted bicycle can be sup-
pressed. In this way, the user can stably support the bat-
tery-assisted bicycle 1.

Other Embodiments

[0232] In Figs. 8 and 20 according to the first and fifth
embodiments, respectively, the estimated acceleration
as a change rate in the estimated vehicle speed is a con-
stant negative value but it may be otherwise. The esti-
mated speed may be changed stepwise. Alternatively,
the estimated acceleration may be inconstant and may
change among zero and negative values.
[0233] In Figs. 14 and 26 according to the third and
seventh embodiments, respectively, the change rate in
the driving force by the electric motor 61 is a constant
negative value but it may be otherwise. The driving force
may be changed stepwise. The change rate in the driving
force by the electric motor 61 may be inconstant and
change among zero and negative values.
[0234] According to the embodiments, the first state
determiner 150 determines that the first state is attained
if the pedal effort is equal to or less than a prescribed
value and the real vehicle speed is equal to or less than
a prescribed value, and the rotation of the electric motor
61 is equal to or more than a prescribed value based on
detection results from the torque determiner 151, the ve-
hicle speed determiner 153, and the motor rotation de-
terminer 154, but it may be determined otherwise. The
first state determiner may determine that the first state
is attained if for example no riding user is detected and
a real vehicle speed is generated. In this way, when the
user moves the battery-assisted bicycle 1 without riding
the battery-assisted bicycle 1, the assist control can be
carried out.
[0235] Whether there is a user riding the vehicle may
be detected for example using a seat pressure detector
and a seat pressure determiner. The seat pressure de-
tector detects pressure applied on a seating surface of
the seat. The seat pressure determiner determines
whether the pressure detected by the seat pressure de-
tector is equal to or less than a prescribed value. The
first state determiner determines that the first state is at-
tained if the seat pressure determiner determines that
the pressure applied on the seating surface of the seat
is equal to or less than a prescribed value. In this way,
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the assist control can be carried out while no use is seated
on the vehicle.
[0236] Alternatively, whether the first state is attained
may be determined using the crank rotation detector 58,
the front wheel rotation detector 95, and the motor rota-
tion detector 68. The first state determiner 150 deter-
mines that the first state is attained if the rotation number
of the crankshaft 41 is equal to or less than a prescribed
value, the real vehicle speed is equal or less than a pre-
scribed value, and the rotation of the electric motor 61 is
equal to or more than a prescribed value based on de-
tection results from the crank rotation detector 58, the
front wheel rotation detector 95, and the motor rotation
detector 68. In this way, the assist control can be carried
out when the battery-assisted bicycle 1 is moved while
the rotation number of the crankshaft 41 is reduced.

Claims

1. A battery-assisted bicycle configured to assist by
electric motor (61) driving force, comprising:

the electric motor (61);
a vehicle speed calculator (152) configured to
calculate a vehicle speed of the battery-assisted
bicycle;
a first state determiner (150) configured to de-
termine that the battery-assisted bicycle is in a
first state, the battery-assisted bicycle moving
by driving force by the electric motor (61) with
no pedal effort in the first state;
an operation unit (190) configured to output an
operation signal used to give instruction to stop
the electric motor (61);
a timing unit (157) configured to measure time
from a point when the operation signal is input;
and
a motor controller (105) configured to control
driving of the electric motor (61) so that the ve-
hicle speed attained when elapsed time from the
point of input of the operation signal reaches a
prescribed first period is a first vehicle speed
and stops the electric motor (61) after the first
period, if the first state determiner (150) deter-
mines that the battery-assisted bicycle is in the
first state and the operation signal is input from
the operation unit (190).

2. A battery-assisted bicycle according to claim 1, fur-
ther comprising a vehicle speed setter (155) config-
ured to set a vehicle speed at the time point of input
of the operation signal as a second vehicle speed
and configured to set a vehicle speed that is equal
to or lower than the second vehicle speed as the first
vehicle speed, wherein the motor controller (105) is
configured to control driving of the electric motor (61)
so that the vehicle speed of the battery-assisted bi-

cycle changes from the second vehicle speed to the
first vehicle speed.

3. A battery-assisted bicycle according to claim 2, fur-
ther comprising:

an acceleration detector (161) configured to de-
tect an acceleration of the battery-assisted bi-
cycle;
an acceleration comparator (163) configured to
compare an acceleration detected by the accel-
eration detector (161) to a first threshold as a
threshold for positive accelerations until the
elapsed time from the point of input of the oper-
ation signal reaches the first period; and
an acceleration setter (156) configured to set
first and second accelerations, the second ac-
celeration being less than the first acceleration,
provided that the vehicle speed of the battery-
assisted bicycle changes from the second vehi-
cle speed to the first vehicle speed with the first
acceleration, wherein
the motor controller (105) is configured to control
driving of the electric motor (61) so that the ve-
hicle speed of the battery-assisted bicycle
changes with the first acceleration if the accel-
eration detected by the acceleration detector
(161) is equal to or less than the first threshold
and so that the vehicle speed of the battery-as-
sisted bicycle changes with the second acceler-
ation if the acceleration detected by the accel-
eration detector (161) is more than the first
threshold, until the elapsed time from the point
of input of the operation signal reaches the first
period.

4. A battery-assisted bicycle according to claim 3,
wherein the motor controller (105) configured to stop
the electric motor (61) before the elapsed time from
the point of input of the operation signal reaches the
first period if the acceleration detected by the accel-
eration detector (161) is more than the first threshold.

5. A battery-assisted bicycle configured to assist by
electric motor (61) driving force, comprising:

the electric motor (61);
a vehicle speed calculator (152) configured to
calculate a vehicle speed of the battery-assisted
bicycle;
a first state determiner (150) configured to de-
termine whether the battery-assisted bicycle is
in a first state, the battery-assisted bicycle mov-
ing by driving force by the electric motor (61)
with no pedal effort in the first state;
an operation unit (190) configured to output an
operation signal used to give instruction to stop
the electric motor (61);
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a timing unit (157) configured to measure time
from a point when the operation signal is input;
and
a motor controller (105) configured to control
driving of the electric motor (61) so that the driv-
ing force by the electric motor (61) attained when
elapsed time from the point of input of the oper-
ation signal reaches a prescribed second period
is first driving force and stops the electric motor
(61) after the second period, if the first state de-
terminer (150) determines that the battery-as-
sisted bicycle is in the first state and
the operation signal is input from the operation
unit (190).

6. A battery-assisted bicycle according to claim 5, fur-
ther comprising:

a driving force setter (164) configured to set driv-
ing force by the electric motor (61) at the point
corresponding to the input of the operation sig-
nal as second driving force and configured to
set driving force that is equal to or less than the
second driving force as the first driving force,
wherein
the motor controller (105) is configured to control
driving of the electric motor (61) so that the driv-
ing force by the electric motor (61) changes from
the second driving force to the first driving force.

7. A battery-assisted bicycle according to claim 6, fur-
ther comprising:

an acceleration detector (161) configured to de-
tect an acceleration of the battery-assisted bi-
cycle;
an acceleration comparator (163) configured to
compare the acceleration detected by the accel-
eration detector (161) to a second threshold as
a threshold for positive accelerations and a third
threshold as a threshold for negative accelera-
tions until the elapsed time from the point of input
of the operation signal reaches the second pe-
riod; and
a driving force change rate setter (165) config-
ured to set first and second change rates, the
second change rate being less than the first
change rate, provided that the driving force by
the electric motor (61) changes from the second
driving force to the first driving force at the first
change rate, wherein
the motor controller (105) is configured to control
driving of the electric motor (61) so that the driv-
ing force by the electric motor (61) changes at
the first change rate if the acceleration detected
by the acceleration detector (161) is equal to or
less than the second threshold and equal to or
more than the third threshold and so that the

driving force by the electric motor (61) changes
at the second change rate if the acceleration de-
tected by the acceleration detector (161) is more
than the second threshold or less than the third
threshold, until the elapsed time from the point
of input of the operation signal reaches the sec-
ond period.

8. A battery-assisted bicycle according to claim 7,
wherein the motor controller (105) is configured to
stop the electric motor (61) before the elapsed time
from the point of input of the operation signal reaches
the second period if the acceleration detected by the
acceleration detector (161) is more than the second
threshold or less than the third threshold.

9. A battery-assisted bicycle configured to assist by
electric motor (61) driving force, comprising:

the electric motor (61);
a vehicle speed calculator (152) configured to
calculate a vehicle speed of the battery-assisted
bicycle;
a first state determiner (150) configured to de-
termine whether the battery-assisted bicycle is
in a first state, the battery-assisted bicycle mov-
ing by driving force by the electric motor (61)
with no pedal effort in the first state;
an operation unit (190) configured to output an
operation signal used to give instruction to stop
the electric motor (61);
a travel distance measuring unit (166) config-
ured to measure a travel distance from a point
where the operation signal is input; and
a motor controller (105) configured to control
driving of the electric motor (61) so that the ve-
hicle speed attained when the travel distance
from the point of input of the operation signal
reaches a prescribed first distance is a third ve-
hicle speed and stops the electric motor (61) af-
ter the travel distance from the point of input of
the operation signal exceeds the first distance,
if the first state determiner (150) determines that
the battery-assisted bicycle is in the first state
and the operation signal is input from the oper-
ation unit (190).

10. A battery-assisted bicycle according to claim 9, fur-
ther comprising:

a vehicle speed setter (155) configured to set a
vehicle speed at the point corresponding to the
input of the operation signal as a fourth vehicle
speed and sets a vehicle speed that is equal to
or lower than the fourth vehicle speed as the
third vehicle speed, wherein
the motor controller (105) is configured to control
driving of the electric motor (61) so that the ve-
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hicle speed of the battery-assisted bicycle
changes from the fourth vehicle speed to the
third vehicle speed.

11. A battery-assisted bicycle according to claim 10, fur-
ther comprising:

an acceleration detector (161) configured to de-
tect an acceleration of the battery-assisted bi-
cycle;
an acceleration comparator (163) configured to
compare the acceleration detected by the accel-
eration detector (161) to a fourth threshold as a
threshold for positive accelerations, until the
travel distance of the battery-assisted bicycle
from the point of input of the operation signal
reaches the first distance; and
an acceleration setter (156) configured to set
third and fourth accelerations, the fourth accel-
eration being less than the third acceleration,
provided that the vehicle speed of the battery-
assisted bicycle changes from the fourth vehicle
speed to the third vehicle speed with the third
acceleration, wherein
until the travel distance of the battery-assisted
bicycle from the point of input of the operation
signal reaches the first distance, the motor con-
troller (105) is configured to control driving of the
electric motor (61) so that the vehicle speed of
the battery-assisted bicycle changes with the
third acceleration if the acceleration detected by
the acceleration detector (161) is equal to or less
than the fourth threshold and so that the vehicle
speed of the battery-assisted bicycle changes
with the fourth acceleration if the acceleration
detected by the acceleration detector (161) is
more than the fourth threshold.

12. A battery-assisted bicycle according to claim 10,
wherein if the acceleration detected by the acceler-
ation detector (161) is more than the fourth threshold,
the motor controller (105) is configured to stop the
electric motor (61) before the travel distance of the
battery-assisted bicycle from the point of input of the
operation signal reaches the first distance.

13. A battery-assisted bicycle configured to assist by
electric motor (61) driving force, comprising:

the electric motor (61);
a vehicle speed calculator (152) configured to
calculate a vehicle speed of the battery-assisted
bicycle;
a first state determiner (150) configured to de-
termine whether the battery-assisted bicycle is
in a first state, the battery-assisted bicycle mov-
ing by driving force by the electric motor (61)
with no pedal effort in the first state;

an operation unit (190) configured to output an
operation signal used to give instruction to stop
the electric motor (61);
a travel distance measuring unit (166) config-
ured to measure a travel distance from a point
where the operation signal is input; and
a motor controller (105) configured to control
driving of the electric motor (61) so that the driv-
ing force attained when the travel distance from
the point of input of the operation signal reaches
a second distance is third driving force and stops
the electric motor (61) after the travel distance
from the point of input of the operation signal
exceeds the second distance, if the first state
determiner (150) determines that the battery-as-
sisted bicycle is in the first state and the opera-
tion signal is input from the operation unit (190).

14. A battery-assisted bicycle according to claim 13, fur-
ther comprising a driving force setter (164) config-
ured to set driving force by the electric motor (61) at
the point corresponding to the input of the operation
signal as fourth driving force and sets driving force
that is equal to or less than the fourth driving force
as the third driving force, wherein the motor controller
(105) is configured to control driving of the electric
motor (61) so that the driving force by the electric
motor (61) changes from the fourth driving force to
the third driving force.

15. A battery-assisted bicycle according to claim 14, fur-
ther comprising:

an acceleration detector (161) configured to de-
tect an acceleration of the battery-assisted bi-
cycle;
an acceleration comparator (163) configured to
compare an acceleration detected by the accel-
eration detector (161) to a fifth threshold as a
threshold for positive accelerations and a sixth
threshold as a threshold for negative accelera-
tions until the travel distance of the battery-as-
sisted bicycle from the point of input of the op-
eration signal reaches the second distance; and
a driving force change rate setter (165) config-
ured to set third and fourth change rates, the
fourth change rate being less than the third
change rate, provided that the driving force by
the electric motor (61) changes from the fourth
driving force to the third driving force at the third
change rate, wherein
until the travel distance of the battery-assisted
bicycle from the point of input of the operation
signal reaches the second distance, the motor
controller (105) is configured to control driving
of the electric motor (61) so that the driving force
by the electric motor (61) changes at the third
change rate if the acceleration detected by the
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acceleration detector (161) is equal to or less
than the fifth threshold and equal to or
more than the sixth threshold and so that the
driving force by the electric motor (61) changes
at the fourth change rate if the acceleration de-
tected by the acceleration detector (161) is more
than the fifth threshold or less than the sixth
threshold.

16. A battery-assisted bicycle according to claim 15,
wherein the motor controller (105) is configured to
stop the electric motor (61) before the travel distance
from the point of input of the operation signal reaches
the second distance if the acceleration detected by
the acceleration detector (161) is more than the fifth
threshold or less than the sixth threshold.

17. A battery-assisted bicycle according to any one of
claims 1 to 8, further comprising a time setter (159)
configured to set a length of time between the point
of input of the operation signal and the point when
the electric motor (61) is stopped.

18. A battery-assisted bicycle according to any one of
claims 9 to 16, further comprising a distance setter
(168) configured to set a travel distance between the
point of input of the operation signal and the point
where the electric motor (61) is stopped.

19. A battery-assisted bicycle according to any one of
claims 1 to 18, wherein the first state determiner
(150) is configured to determine that the first state
is attained if no riding user is detected and a vehicle
speed is generated.

20. A battery-assisted bicycle according to any one of
claims 1 to 18, further comprising a torque detector
(57) configured to detect torque generated by a pedal
effort; and
a motor rotation detector (68) configured to detect
rotation of the electric motor (61), wherein
the first state determiner (150) is configured to de-
termine that the first state is attained if a pedal effort
is equal to or less than a prescribed value, the rota-
tion of the electric motor (61) is equal to or more than
a prescribed value, and the vehicle speed is equal
to or less than a prescribed value based on detection
results from the torque detector (57) and the motor
rotation detector (68) and the vehicle speed calcu-
lated by the vehicle speed calculator (152).

21. A battery-assisted bicycle according to any one of
claims 1 to 18, further comprising:

a seat pressure detector configured to detect
pressure applied on a seating surface of a seat
(24); and
a seat pressure determiner configured to deter-

mine whether the pressure detected by the seat
pressure detector is equal to or less than a pre-
scribed value, wherein the first state determiner
(150) is configured to determine that the first
state is attained if the pressure applied on the
seating surface of the seat determined by the
seat pressure determiner is equal to or less than
a prescribed value.
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